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ABSTRACT 
This case study research investigated the strategies, challenges, and leadership 
requirements for sustaining technology innovations in Iowa State University's (ISU's) 
teacher education program (TEP). In 1999, ISU's TEP was granted $1.4 million dollars to 
renew pedagogy and practice in teacher education with technology. A qualitative case study 
approach was used to describe and analyze the process of sustaining technology innovations 
in teacher education. Activity Theory Framework (ATF) and Rogers Diffusion of Innovation 
Theory (R'DIT) were the two complementary theoretical lenses to analyze this case in-depth. 
Thirteen participants from five constituencies supporting teacher education were interviewed. 
Interview data were triangulated with evidence from document analysis and on-site 
observations carried out by the researcher. 
Three major strategies for sustaining technology were identified from this study: (1) 
educating and supporting in-service teachers and teacher educators in using and integrating 
technology in their courses, through mentoring, course and curricular redesign, as well as co-
curricular activities; (2) collaborative teamwork and partnerships among stakeholders across 
the five constituencies supporting teacher education; and (3) strong support from key 
personnel including administrators and master teachers. 
Five major challenges also were identified as impacting the process of sustaining 
technology innovations in teacher education. They were time and funding, people, lack of 
resources, lack of support, and policy changes. These challenges mirrored the challenges 
found in the literature. 
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Finally, several characteristics of leaders capable of sustaining technology 
innovations in teacher education were identified. These characteristics were a "goodness of 
fit" with the literature reviewed on leadership and included being knowledgeable about 
technology and teacher education, visionary—building a shared vision, a systems thinker 
capable of seeing the big picture, a team player and team learner, strong communicator, good 
listener, ethos builder paying attention to organization climate and culture, "thick-skinned" as 
well as paying attention to community-building efforts, including formal and informal 
celebrations. The results of this in-depth case study provides valuable in-depth information 
not present in the literature on sustainability, with extensive detail of what makes an award-
winning teacher education program succeed at sustaining technology innovations and it sets 
the stage for the development of an ecological model for sustainability. 
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CHAPTER 1. INTRODUCTION AND OVERVIEW OF THE STUDY 
Introduction 
The "dance" of sustaining technology innovations in teacher education requires 
fundamental change in how pre-service teachers are prepared to meet the needs of 21st 
century learners. Since the first teacher education program (TEP) began in the United States 
more than 350 years ago, the social, economical, technological, and educational contexts 
have changed, as have students and access to higher education (Blackwell, 2000). The 
changes in these contexts are not without challenges. One of the critical challenges in 
teacher education today is preparing technology-proficient educators who are capable of 
meeting the needs of all learners (Office of Technology Assessment, 1995; U.S. Department 
of Education, 1999). This calls for a change in teacher preparation practices, as economic 
and technological changes continue to be a driving force, shaping all aspects of society. 
Change in higher education is generally in response to political, social, and economic 
pressures within the society (Bates, 2000). Now technological pressures have been added to 
those pressures. 
In light of economic and technological changes, educational systems are reforming 
their structures to keep abreast with changes in the society. However, based on the 
ecological relationships, dynamic interactions, and complex multi-layered structures, changes 
do not come about easily (Bates, 2000; U.S. Department of Education, 2001). Compounding 
the need for changes in education is society's continuous demand for more to be 
accomplished in education (Davis, 2003). To accomplish changes in teacher education, a 
shift in paradigm is required, which will further lead to new opportunities, solutions, and 
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alteration in the perceptions, values, and thought processes of change agents. According to 
Desforges (2001), 
Our educational systems are caught up in the rapid techno-economic paradigm shift 
creating both the pressures and opportunities for social change. Three dynamic 
processes [of] techno-economic, social-institutional, and individual adaptation 
interact with bewildering complexity, (p. 18) 
Based on the premise of a rapid techno-economic paradigm shift, when positive 
changes do happen in the educational sphere, teacher training and learning are fundamental 
for implementing and sustaining such changes (Morales, Knezek, Christensen & Avila, 
2001). Teaching and learning are complex processes and teacher education is "one of the 
most complex systems, involving the inter-working of many systems and/or institutions" 
(Davis, 2003, p. 2). It is clear that the change process in teacher education can be daunting. 
First, it is multi-faceted; second, proficient teacher educators as change agents leading 
educational change is required; and third, strong and sustained financial support is needed to 
accelerate the change process (Davis, 2003). 
PT3 grant initiative 
For the past five years federal, state, and local agencies invested billions of dollars 
providing educational institutions with technologies through the Preparing Tomorrow's 
Teachers to use Technology (PT3) grant initiative (PT3 Web site, 2004). The major thrust of 
PT3 was to prepare tomorrow's (pre-service) teachers to successfully integrate technology in 
their classes to improve student learning. The preparation of pre-service teachers was not in 
isolation of wider transformations and the need for organizational change in all 
constituencies impacting teacher education was recognized (U. S. Department of Education, 
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2001). As part of the organizational changes taking place in many TEPs, the teacher training 
process was re-engineered to include pre-service teachers learning with technology—not 
simply about technology (Darling-Hammond, 1994; SITE, 2002; Thompson, Davis, & Bull, 
1995;). In addition, pedagogically sound innovations have been instituted. This was 
evidenced in the number of transformational projects reported on the PT3 web site (PT3 Web 
Site, 2004) of how teacher educators are integrating technology into the curriculum of 
tomorrow's teachers. Currently, TEPs are at various levels of readiness in preparing pre-
service teachers to be technology-proficient educators effecting fundamental and sustainable 
organizational changes. "Change of this scale is a formidable challenge, but grantees have 
developed innovative strategies to advance the cause" (PT3, Web site, 2004, p.l). Some 
innovations designed to achieve this goal through PT3 funding in selected TEPs included: 
• Video case studies 
• Reciprocal mentoring 
• Online teacher preparation 
• Certification policy changes 
• Faculty development initiatives 
• Enriched-Networked-Virtual learning environments 
• Electronic portfolios as authentic means of assessment 
• Course restructuring reflective of national standards and benchmarks (PT3, 
Web site, 2004). 
These innovative projects require investment of human and non-human capital in 
order to transform TEPs. The PT3 grant supported systemic organizational and program 
reengineering that transformed both teaching and learning processes in TEPs by the infusion 
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of technology in the entire experience of pre-service teachers. Changes evidenced in these 
institutions did not come about without active support from leaders in multiple constituencies 
supporting teacher education. These leaders are committed to changes in their departments, 
schools, programs, and policies, to sustain the reengineering of teacher education into a 21st 
century learning environment—where student learning is key. These leaders continue to play 
a crucial role in sustaining the innovations and changes brought about in TEPs as the PT3 
grant period ended in many TEPs (PT3 Web site, 2004). 
A PT3 implementation grant was awarded to institutions that showed a readiness to 
undertake and sustain long-term significant changes built on a well-designed plan for 
organizational change to improve teacher preparation. Critical issues related to 
sustainability, while simultaneously creating opportunities for responsible and enduring 
innovations, were crucial for grant acquisition (Fueyo, Bowman, & Hassler, 1999; PT3 Web 
site, 2004). A viable option for preserving the innovations developed through PT3 funding 
was simultaneous renewal. 
Simultaneous renewal suggests that renewal takes place in all constituencies 
impacting teacher education concurrently (Goodlad, 1994). Constituencies impacting teacher 
education included colleges and departments where pre-service teachers took their courses; 
K-12 schools where pre-service teachers conducted student teaching; and local educational 
agencies supporting education pursuits. In summary, like professional development schools 
(PDS) in the 1990s, TEPs were expected simultaneously to restructure K-12 schools as part 
of their program while redefining teaching and learning with technology for educators and 
the school community (Darling-Hammond, 1994). 
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PT3 implementation grant: Study context 
In this study, the PT3 implementation grant has been used to develop Technology 
Collaboratives for Simultaneous Renewal in Teacher Education (TechCo) at Iowa State 
University (ISU). TechCo is aimed at simultaneously creating technology-based 
constructivist learning experiences in the TEP and partner elementary schools, while 
collaborating with partnering elementary schools with support from the Area Educational 
Agency (AEA) and the business partner Apple Computer Inc. (Schmidth, Thompson, & 
Michelini, 2001). The process of simultaneous renewal at ISU suggests that through 
effective partnering strategies, finding creative solutions to overcome challenges, 
triangulated with strong leadership efforts is important in renewing teacher education. 
This qualitative case study explored sustainability of technology innovations at ISU's 
TEP. In 1999 this department secured a PT3 implementation grant of $1,467,130 over the 
course of three years. With effective management, grant monies were available for a fourth 
year. The study explored sustainability using the lens of Rogers Diffusion of Innovation and 
Theory (R'DIT) Activity Theory Framework (ATF) as the analytical frameworks for 
understanding the complexity of human activity in sustaining technology innovations in 
teacher education. 
The study was conducted over a six-month period with the main case preceded by a 
pilot study. A pilot study was conducted with participants at the University of Florida's (UF) 
teacher education program. The purpose of the pilot study was to help this researcher learn 
more about the research process and to refine the research design, as recommended by 
(Glesne, 1999). One department chair, one project leader, one principal, and one technology 
coordinator involved with UF's PT3 project were interviewed by telephone. To augment the 
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pilot telephone interviews, one face-to-face interview was conducted with a department chair 
at ISU. Each telephone interview was conducted separately to obtain each participant's 
unique perspective regarding sustainability of technology innovations. UF was chosen as the 
pilot site because UF (1) is a fellow land-grant institution, (2) received PT3 funding in 2001, 
(3) their project leaders worked closely with the researcher, and (4) project leaders were 
willing to accommodate the researcher in collecting pilot data for the dissertation. 
For the main case, an in-depth case study analysis was carried out at ISUs teacher 
education department. This award-winning TEP had well established technology innovations 
in place fitting the scope of this dissertation. In-depth interviews were carried out with 
department Chairs, project leaders, and AEA technology consultants. Other leaders, 
including principals and technology coordinators in the K-12 partnering schools, also were 
interviewed. In addition, one College of Engineering (ENGR) faculty member who directed 
the Toying with Technology (TWT) course-adapted to the context for pre-service teachers 
also was interviewed. The purpose of the interviews was to explore participants' views 
regarding strategies, challenges, and leadership requirements related to sustaining technology 
innovations. 
Special attention was paid to document analysis and on-site observations for 
triangulation of the data sources. Document analysis was carried out to supplement as well 
as cross-validate information obtained from the interviews and observations (Stake, 1995). 
Documents analyzed included Web sites, picture archives, faculty projects, presentations, 
previous interviews, and research publications. 
In the next section, the background to the study is discussed. This is followed by a 
description of the activities for sustaining technology through simultaneous renewal in 
7 
teacher education and a rationale for using R'DIT and ATF as the critical lenses through 
which sustainability of technology innovations was analyzed are provided. 
Background of the Study 
Shrinking public support for education continues to be a challenge in American 
higher education (Massy & Wilger, 1998; Powers, 2000). Coupled with this reality, modern 
society continues to become more technologically advanced and complex. Rapid 
technological diffusion in the U.S., plus the weakened national economy, places many TEPs 
in a precarious financial position. The creation of the PT3 initiative was welcome as 
providing the needed financial support for TEPs (Fueyo, Bowman, & Hassler, 1999), by 
creating new opportunities for sustaining and creating new innovations (Bates, 2000; Powers, 
2000). 
Although challenging, through forward thinking and strong financial support, the U.S 
Department of Education, with input from associations, such as the (1) Society for 
Information Technology and Teacher Education (SITE), (2) International Society 
Technology in Education (ISTE), and (3) Milken Exchange on Educational Technology 
(MEET), offered a vision for a new design of integrating technology in the curriculum of pre-
service teachers (PT3 Grant Proposal, 1999). The PT3 initiative addresses the critical need 
of ensuring that pre-service teachers are competent and comfortable using technology in the 
classroom (PT3 Web site, 2004). In other words, PT3 is aimed at breaking the cycle of 
producing under-prepared pre-service teachers not knowledgeable about basic principles for 
integrating modern learning technologies in the curriculum seamlessly. 
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Three basic principles for seamless integration of technology in teacher education 
curriculum were identified. 
1. Technology should be integrated in the entire TEP: Restricting technology use in 
a single course or area of study does not prepare students to become technology-
using teachers. Technology use should be modeled in all classes for tomorrow's 
teachers. 
2. Technology should be introduced in context: Tomorrow's teachers should learn 
the multiple uses of technology because they are ingrained in their courses and 
field experience. Tomorrow's teachers should also be given the opportunity to 
teach with technology in the K-12 classrooms, where student teaching takes place. 
3. Students should experience innovative technology-supported learning 
environments in their teacher education program: Technology should be used as 
a tool for supporting traditional forms of learning as well as to transform learning, 
with a greater emphasis on the latter use (PT3 Web site, 2004; Thompson, Davis, 
& Bull, 1995; SITE 2002; UNESCO, 2002). 
PT3 funds made it possible for 440 TEPs and partnering consortium in the U.S. to 
integrate technology into the teacher education curriculum (PT3 Web site, 2004). "A 
consortium must include at least two institutions or organizations that have agreed to be 
partners in a teacher preparation improvement initiative" (PT3 Grant Management, 2004, p. 
2). Multiple uses of technology became evident as students developed web sites, databases, 
video presentations, and virtual reality applications—to name a few uses. Teacher educators 
supported instruction by using technology. In other words, teacher education professors 
modeled appropriate uses of technology in their courses, allowing pre-service teachers to 
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"experience, observe, analyze, critique, and learn with technology" (Schmidth, Thompson, & 
Michelini, 2001, p. 4). Learning with technology went beyond students' learning to include 
college professors (teacher educators) learning with technology. Morales et al. (2001) 
suggest "no technology innovation will last for even a year ... if it does not rely on the 
participation of teachers" (p. 14). Therefore, both commitment and ownership of the 
innovation by teachers and leaders were necessary to keep technology innovations sustained. 
Since 1999, PT3 grant funded innovative projects that facilitated technology 
integration into the pre-service teachers' curriculum and improved both teacher commitment 
and ownership nationwide (PT3 Web site, 2004). Starting in 2002, few new grants were 
awarded, because PT3 funding simultaneously was reduced and is in the process of being 
phased out. What strategies have TEPs put in place to maintain technology innovations 
accomplished through PT3 funds? What challenges have been encountered during this 
process? What roles do leaders play in sustaining these innovations? Using two separate but 
related frameworks, this study will answer these questions. R'DIT and ATF guided this 
study, adding to its utility, and making findings applicable outside the field of education, 
while serving as a conduit for much broader research in the general areas of sustainability, 
technology integration, and teacher education. 
Introduction to the Analytic Frameworks 
Due to the complexity of sustaining technology in teacher education it is essential to 
develop credible techniques for gathering and analyzing data, informed by relevant analytical 
framework(s). R'DIT and ATF were chosen because of their proven success of unearthing 
and exposing the complexity of a phenomenon. 
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R'DIT was used because of its relevance outlining the processes of adoption of 
innovations. To sustain technology innovations, a clear view of how innovations were 
diffused and adopted helps educators gather evidence for continuing an innovation. Rogers 
(1995) defines diffusion as the process by which an innovation is communicated through 
various channels over time. Channels include knowledge, persuasion, decision, 
implementation, and confirmation. These channels are defined and discussed in Chapter 2. 
ATF was used to complement R'DIT because of its relevance in showing the 
ecological nature and relationships among all partners (Bannon, 1997; Holt & Morris, 1993), 
supporting teacher education. As TEPs and K-12 schools renew simultaneously, human 
interactions became more complex. There are more subjects, tools, rules and customs, 
communities, divisions of labor, as well as outcomes—all elements of ATF (See Appendix A 
for the definitions of ATF terms). On the one hand, elementary schools are looking to TEP 
to prepare pre-service teachers to use technology (tools) proficiently. Conversely, TEPs are 
looking for schools that embrace a vision of technology, providing quality technology-rich 
field experiences for pre-service teachers. This will lead to renewal (outcome) in teacher 
education. ATF, as a cross-disciplinary framework, is suitable for studying multiple and 
complex forms of human activity evident in sustainability technology innovations. 
In the researcher's view, perhaps the most important aspect of using both frameworks 
was generating a complete understanding of the complex experiences, interpretations, and 
meanings participants communicate regarding sustaining technology innovation. These 
theoretical frameworks are detailed in Chapter 2, in relation to sustainability. 
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Statement of Purpose 
The purpose of this study was to explore the dance of sustainability of technology 
innovations in ISU's TEP, which received a PT3 implementation grant in 1999-2003. The 
researcher had keen interest in exploring this topic, based on previous work carried out at 
UF—site for the pilot study. Techniques for developing and evaluating innovations were 
shared between the two institutions, using TechCo's model of simultaneous renewal 
(Meeting notes from documents analyzed). One of the findings from the project evaluation 
was project leaders' intense concern about how to sustain technology innovations. 
Based on the findings of this study, the strategies identified as viable structures for 
sustaining technology innovations will be shared with a wide audience of educators and 
leaders across multiple disciplines. In addition, the researcher is developing her scholarship 
in the area of technology and higher education. This research provides a bridge linking the 
researcher's courses of study in Educational Leadership and policy Studies and Curriculum 
Instructional Technology. 
Statement of the Problem 
Currently, there is little research addressing sustainability of technology innovations 
in TEPs that have embarked on simultaneous renewal. This research is a case study of ISU's 
award-winning TEP that has embraced simultaneous renewal as a means of managing and 
supporting meaningful technological changes in teacher education. Therefore, a study to 
explore how technology innovations are sustained in a TEP will add significantly to the body 
of literature. Three research questions were developed to explore the strategies, challenges, 
and leadership requirements for sustaining technology innovations in teacher education. 
12 
Research questions 
1. What strategies are used for sustaining technology innovations in teacher 
education? 
2. What challenges are encountered when trying to sustain technology innovations in 
teacher education? 
3. How does leadership impact the process of sustaining technology innovations in 
teacher education? 
Need for the Study 
The purpose of this study was to explore sustainability of technology innovations in 
teacher education. Therefore, the findings of this study could inform project leaders and 
policy makers about successful ways to preserve technology innovations. Awareness also 
will be developed regarding the possible challenges to be encountered as well as the type of 
leadership required—giving a "panoramic view" of the sustainability "landscape." The 
review of literature (see Chapter 2) revealed few studies addressing sustainability of 
technology innovations. Researchers addressing sustainability of innovation include Jenlink 
(1998) cited in Sherry (2003), Gibson (1999), and Sherry (2003). 
Jenlink (1998) focused on how educational systems can form communities to sustain 
change. Features described as important in his research included developing shared values, 
knowledge, and beliefs within the community while fostering and appreciating active 
participation, multiple perspectives, and diversity. Gibson (1999) provided practical 
examples of how complexity theory analysis can be substantiated using visual models linked 
to nonlinear dynamical equations. The results of his study furnished alternative explanations 
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of innovations in five high schools involving dynamical maps of five sectors of systemic 
change, namely, state policy, district initiatives, school adaptations, teacher learning, and the 
student experience. Sherry (2003) draws attention to the literature addressing sustainability 
from the systems theory perspective, by using complexity theory and features of several 
change models for framing and understanding change. This study differs from Jenlink's, 
Sherry's, and Gibson's in that its focus is on the strategies, challenges, and leadership 
requirements for sustaining technology innovations in teacher education. This specific focus 
is missing in the literature, which positions this study to make an important contribution in 
the field. 
The findings are intended to stimulate interest and add to the limited body of 
empirical research in this area. They will be of interest to department chairs, project leaders, 
grant-awarding agencies, change agents, teacher educators, and generally anyone interested 
in technology and teacher education. 
Definition of Terms 
The purpose of this study was to explore sustainability of technology innovations in 
teacher education. Hence, a key component to understanding the research is defining 
pertinent terms used. 
• Activity Theory Framework—This is a cross-disciplinary framework suitable for 
studying multiple forms of human activity, with an emphasis on the developmental 
transformation of actions into operations. 
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Adoption—Implies using something created by another. In this study, adoption 
applies to how technology has been incorporated into the teacher education program 
over time. 
Area Education Aeencies—These are local educational agencies providing support to 
Iowa's school districts. Support ranges from providing substitute teachers to teaching 
courses linked to teacher preparation and professional staff development activities for 
teachers. 
• Co-Principal investisators—These are the change agents responsible for the 
preparation of grant proposals and the management of grants. These two leaders 
planned, organized, and implemented innovations as well as motivated others 
"inspired the troops" (Tiemey, 1993, p. 232) to get involved in project activities. In 
this study co-principal investigators were faculty who worked with TechCo's project 
coordinator as well as with all partners from the five constituencies, supporting 
teacher education. 
• Department Chairs—Individuals with administrative responsibility for the operations 
of the academic department. Chairs have the dual role of mediating between faculty 
and central administration (Ogalanya, 1986). In this study, the department chair was 
targeted for data collection largely due to the dual role performed. Throughout the 
remainder of this work, department chairs will be referred to as "chairs." 
• Implementation Grant—Awarded to grant consortia to implement significant 
organizational changes to transform teacher preparation programs into 21st century 
learning environments. In this case study, significant organizational changes 
including improvements in pedagogy, curriculum, faculty development, networked 
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mentoring, new information technology infrastructure, and the formation of 
partnerships. 
• Organizational culture—Refers to the basic assumptions and beliefs shared by 
members of a group or organization. These assumptions and beliefs involve the 
group's view of the wider society and world and its place in it (Kuh, 2001). Each 
TEP has a unique culture and climate. The uniqueness of the culture evident in the 
TEP in this case study will be a pivotal point of this research. 
• Simultaneous renewal—This is based on the assumption that "we will not have better 
schools without better teachers, but we will not have better teachers without better 
schools in which teachers can learn, practice, and develop" (Goodlad, 1994). 
Therefore, renewal must take place simultaneously in teacher education departments, 
other colleges and departments supporting teacher education, partnering elementary 
schools where student teaching takes place, as well as local area educational agencies 
supporting educational reforms. 
• Sustainability—As used in this study, the composite definition of sustainability is the 
process of maintaining and stabilizing innovations that meet the needs of the present 
and the future without compromising its quality. Simultaneously, the unique 
ecological relationships among constituencies are emphasized rather than viewed in 
isolation. 
• TechCo (Technology Collaboratives for Simultaneous Renewal in Teacher 
Education)—This is the title given to the PT3 implementation project at ISU, 
focusing on simultaneous renewal across collaborative partners in teacher education 
to prepare pre-service teachers to use technology. 
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• Technology innovations—Initiatives that foster the adoption and diffusion of 
technology in constituencies supporting teacher education—including new software, 
hardware, change in curriculum and by extension the organization, as well as services 
and/or training provided that enhance technology use. For the purposes of this study, 
technology innovations include all initiatives identified by participants as supporting 
the adoption and integration of technology into teacher education. 
Assumptions 
1. Sustainability is an important construct that has implications for teacher education. 
The literature indicates many benefits in the context of the physical sciences that can 
be achieved in the social sciences, particularly in education. 
2. Institutionalizing innovations is one of the successful processes to ensure 
sustainability. 
3. Leadership of department chairs is vital role in sustaining technology innovations. 
4. All partners working with the TechCo project want to sustain innovations they 
invested time and effort in developing. 
Organization of the Dissertation 
In Chapter 1, the researcher focused on the overview, background, significance, 
research questions to be answered, and organization of the study. Chapter 2 provides a 
comprehensive review of related literature addressing sustainability of technology 
innovations arranged around four major themes—contextualizing sustainability, strategies, 
challenges, and leadership requirements for sustaining technology innovations. Chapter 3 
17 
describes the research methodology and research design followed in this study. In Chapter 4 
the researcher presents the findings of the data collected in relation to answering the three 
research questions guiding this study. Chapter 5 reflects the researcher's interpretations of 
the study having a through discussion of the findings in relation to R'DIT and ATF as the 
analytical frameworks. LeCompte and Preissle (1993) noted that the interpretation of a 
phenomenon is an invitation to think differently about what is learned. In Chapter 5 the 
researcher makes meaning of the data gathered. It is here that this researcher's thoughts and 
perspectives on sustainability of technology innovations became evident. Conclusions, 
recommendations, and directions for further research are featured in Chapter 5. 
The dissertation closes with the researcher's reflection on the research process. This 
reflection is presented as an epilogue to the dissertation. It is here that the researcher used 
Schôn's (1984) reflective practitioner theory to illuminate the assumptions, beliefs, values as 
well as frustrations she encountered in compiling this study. 
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CHAPTER 2. REVIEW OF RELATED LITERATURE AND THEORETICAL 
FRAMEWORKS 
Restatement of the research questions 
The purpose of this study was to explore sustainability of technology innovations at 
ISU's award-winning TEP. Specifically, this study was guided by these three research 
questions: 
1. What strategies are used for sustaining technology innovations in teacher 
education? 
2. What challenges are encountered when trying to sustain technology 
innovations? 
3. How does leadership impact the process of sustaining technology innovations in 
teacher education? 
Introduction 
The national effort by the Federal Government to provide funding to TEPs in 
America to Prepare Tomorrow's Teachers to use Technology focused on building bridges 
among universities and partnering consortia. This study explored how technology 
innovations were maintained as the bridges were built. The purpose of this chapter is to 
explicate pertinent research addressing sustainability as it relates to technological 
innovations. This was accomplished by examining four themes aligned with the research 
questions. Theme one provides the context for sustainability in an educational setting. In 
this area a working definition for sustainability was generated. Key entities to be explored 
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include the social, economic, and environmental factors that are intricately linked to form the 
sustainability triad. A brief history of and a rationale for sustainability are also provided. 
Theme two explores strategies for sustainability. It is important to understand the 
strategies used for sustaining technology innovations in teacher education as being part of the 
purpose of this study. This understanding bolsters the need for changes to be made that will 
support the adoption and diffusion of the given innovation. R'DIT and ATF are featured 
under this theme. 
Classical features inherent in any attempt to sustain an innovation are challenges. 
Thus, theme three features some challenges that can hinder sustainability. Challenges 
highlighted include funding, training, curricular and educational policy changes, and staff 
turnover "churn."1 
Theme four emphasizes the importance of effective leadership for an innovation to be 
sustained. Two categories of leaders are examined in this section: department chairs and co-
principal investigators who lobbied for and acquired PT3 grant monies. The effectiveness of 
a sustained effort is ultimately measured by the degree to which leaders are able to mobilize 
and motivate others to support an idea and have ownership of a process (Kennedy, 1997; 
Morales, Knezek, Christensen, & Âvila, 2001; Senge, 2000). Frequent changes in leadership 
can lead to fragmentation and loss of momentum (turbulence) as well as reduced focus on the 
innovation, especially if the innovation is not institutionalized (Callarbone & Dillingham, 
1998; Kotter, 1990). Finally, a comprehensive summary of the literature reviewed as well as 
an overview of Chapter 3 is provided. 
1 
"Churn" is defined as the annual turnover of teachers and teacher educators, as well a continued technology 
innovations creating instability and undermining initiatives (Fullon, 2003). 
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Contextualizing Sustainability 
Sustainability is an increasingly popular concept used in many disciplines (Barbier, 
1987; Boyce, 1994). One of the prominent features in the work of Kenny and Meadodcroft 
(1999) is that many researchers have strategically addressed this topic, while generating and 
encouraging the understanding of the concept of sustainability. Unfortunately, there is little 
agreement among writers when defining sustainability. 
Sustainability: A definition 
Sustainability is an influential and widely used concept in the physical sciences but 
not so much in the social sciences (Heal, 1998). It embodies "stewardship and design" 
congruent with its environment (Rosenbaum, 1993, p. 1). Sustainability also integrates the 
use of available resources emphasizing human patterns and celebrating continuity, 
uniqueness, and place making (Early, 1993). It is a "process, not a destination," (Brandy II, 
1998, p. 1), requiring that the tools for measuring sustainability consider all aspects of the 
decision-making process, including mission, rewards, incentives, as well as other process-
oriented outcomes. Based on the plurality of definitions, the context in which sustainability 
is used in this research merits an operational definition. In this study the broad and 
composite definition for sustainability is the process of maintaining and stabilizing 
innovations worth keeping to meet the needs of the present and the future without 
compromising quality, while emphasizing the unique ecological relationships among units 
rather than viewing pieces in isolation. This definition was generated from the researcher's 
philosophical thinking, drawing upon the intellectual traditions pursued by writers on 
sustainability. Hence, this definition suggests that sustainability needs to be understood 
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broadly as a unique web of interactions involving people and the wider environment. Each 
definition is limited in capturing the complexity and true essence of this phenomenon—in the 
same way the sum of the whole is greater than the individual parts. Therefore, this composite 
definition provides an appropriate context for understanding sustainability. 
Context for sustainability 
In the context of ISU's TEP, leaders need to assess then promote technology 
innovations worth sustaining. An appreciation for the complex interconnections and 
ecological interdependence among the structures and frameworks in any TEP is important. 
Based on the literature review, three key dimensions must be triangulated to understand the 
ecological nature of sustaining technology innovations in teacher education. They are the 
environmental (climate based on leadership), social (types and quality of interactions), and 
economic (resources) dimensions (Heal, 1998), forming what is commonly known as the 
tightly coupled sustainability triad (Herremans & Reid, 2002; Weick, 1976) shown in Figure 
2.1. 
The tightly coupled concept suggests that movement in one-entity affects and is 
affected by movement in the other, like cogs on a wheel. By extension, the connection, link 
or interdependence connoted by "coupling," is very strong. Each entity retains some 
uniqueness, but each is not independent of—or isolated from the other, as in the case of 
'loose coupling' postulated by (Weick, 1976). Whereas loose coupling connotes dimensions 
that may be "tied together either weakly or infrequently ... or with minimal 
interdependence" (Weick, 1976, p. 39), the point being made in this study is that the triad of 
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social, economic, and environmental entities are intricately linked and must be understood in 







The sustainability domain is this overlapping area 
where the organization can operate and maintain 
consistent and suitable harmony among all three 
dimensions. 
Figure 2.1. The sustainability triad (adapted from Herremans & Reid, 2002, p. 2). 
The sustainability triad focuses on the overlaps or linkages among the economic, 
social, and environmental dimensions. In the qualitative study by Herremans and Reid 
(2002), the sustainability triad was used as the framework for teaching sustainability in the 
K-12 classroom. This framework proved to be successful in helping students understand the 
concept of interdependency—a prominent feature of sustainability. In this case study, the 
economic dimension takes into account the production, distribution, exchange, and 
consumption of resources that are elements in the basic activity system identified in ATF, 
one of the analytical frameworks for this study. 
• First, in this TEP, the economic dimensions include all the technological 
resources required by pre-service teachers to learn how to integrate technology in 
their classes. 
23 
• Second, the social dimension signifies a system of social interactions important in 
maintaining the networks and partnerships developed through the collaborations 
evident in TechCo. In this regard, each constituency (i.e., College of Education 
(COE), Engineering College (ENGR), Local Area Educational Agency (AEA), 
partnering elementary schools where student teaching takes place, and Apple 
Computer Inc.) is seen as a valuable stakeholder within the consortia. 
• Finally, the environmental dimension represents a system in place concerned with 
preserving the physical constituencies, while satisfying the social and economic 
needs of each stakeholder in this partnership. From the meta-analysis on 
environmental behavioral research, Hines, Hungerford, and Tamara (1989/1987) 
concluded that individuals who are knowledgeable about environmental issues 
behave responsibly in preserving that environment for the good of all. 
In light of this case study, the researcher purports that to sustain technology 
innovations in teacher education (1) environmental policies need to be socially and 
economically feasible, with support from leaders and faculty regarding needed resources; (2) 
social policies need to be environmentally and economically feasible, compatibility is 
important among individuals, and the resources provided must be in keeping with policies, 
rules, and norms; and (3) economic policies must be socially and environmental feasible; 
resources and tools acquired should meet the needs of all individuals who share in and value 
the innovation (Heal, 1998), thus reducing contradictions and incongruence. 
Contradictions and incongruence result from a mis-match among the social, 
economical, and environmental dimensions that must work together, anchored on a similar 
value system. Sustainability commences with a broad set of values. It is based on several 
underlying concepts that reflect the core values of stakeholders in an attempt to preserve a 
healthy environment, a strong economy, and amicable social interactions (Kenny & 
Meadowcroft, 1999). Valuing elements require flexible sharing in the development of 
sustainable measures of performance that reflect the needs and values of all stakeholders 
involved (Center for Accountability and Performance, 2000), in this regard, consortia 
partners. 
Furthermore, the rationale for sustaining technology innovations is to preserve what 
has been valued and built for future use. The preservation of innovations requires that 
leaders plan strategically and build elements of sustainability at the forefront of program 
development and grant acquisition. Powers (2000) argues that clear implementation plans 
are generally available, but what tends to be lacking is a clear plan for sustaining the 
innovation. Generally, omission positions sustainability as an afterthought rather than a 
planned strategy for maintaining change. However, the PT3 administrative unit sets clear 
goals for institutions to address sustainability, anchored on simultaneous renewal in all 
constituencies impacting teacher education. Institutions that showed a readiness to undertake 
and sustain organizational and structural changes in teacher education were better positioned 
to receive PT3 funding than institutions that paid little or no attention to sustainability issues. 
In the preceding section, a context for sustainability was developed. No universal 
definition was found for sustainability; therefore, the composite definition developed is a 
synthesis of the definitions present in the literature to fit the context of this study. Three 
tightly coupled dimensions were found to be important for establishing sustainability. They 
are economic (resources), social (types and quality of interactions), and environmental 
25 
(climate based on leadership) dimensions. These dimensions are important in designing 
planned strategies for sustainability and will be discussed in the section that follows. 
Strategies for Sustainability 
Planned change 
Harris (2000) lobbied for a clear and deliberate act of creating mechanisms that 
empower individuals to sustain innovative developments. How can this clear and deliberate 
act be accomplished? According to Powers (2000), this can be achieved through strategic 
planning and deliberate actions. However, even with careful planning for a change initiative, 
there can be resistance. Resistance is especially common in a university setting. Faculty can 
choose not to participate in planned change interventions. The lack of participation in a 
planned change initiative is disconcerting. Therefore, it is crucial for change agents to work 
along with stakeholders, including faculty, in devising change strategies to which all partners 
can be committed, states Kashnmer (1990). 
In the qualitative research addressing the use of planned change model, Creamer and 
Creamer (1990) argue convincingly that planned change is a social issue having the 
capability and promise of improving the skills of "change agents, reformers, and top-level 
supporters [described as] champions of the cause," (p. 183) and, by extension, other leaders 
and stakeholders. In planning sustainable developments, Kenny and Meadowcroft (1999) 
suggest that forward thinking and visioning are paramount for success. What this notion 
implies is that stakeholders are not directed toward one pre-determined static social state, 
pattern matching, or cloning. Rather, planning for sustainable changes involve some degree 
of displacement and social movement, so that current developmental processes can be 
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attained and maintained (Kenny & Meadowcroft, 1999). The social movement in ISU's TEP 
and particularly in the TechCo project, is simultaneous renewal, whereby renewal takes place 
in elementary schools as well as in the TEP. 
Simultaneous renewal 
Holistic teacher preparation is multifaceted and takes place in several constituencies, 
including colleges of education, other departments within the university, K-12 schools where 
field experience and internships are carried out, supporting educational agencies, and 
business partners. Because of the different constituencies, new challenges are brought in for 
educational renewal to take place (Davis, 2002). In addressing simultaneous renewal, 
Goodlad (1994) poses a relevant question and provides an appropriate explanation for 
renewal in the various constituencies supporting teacher education: 
What comes first, good schools or good teacher education programs? The answer is 
that both come together.... The long-term solution is to renew the two together ... 
There must be continuous renewal in which colleges and universities ... join schools 
... as equal partners in the simultaneous renewal of schools and the education of 
educators, (p. 2) 
In essence, Goodlad (1994) advocates that renewal in a given TEP must be accompanied by 
renewal in schools, where pre-service teachers do their field experience. This allows for the 
transfer of learning and smooth operation between constituencies simultaneously, which 
further contributes to the critical need for sustaining the resulting innovation(s) in teaching 
and learning. The most critical factor identified for successful integration of technology in 
TEPs is the degree to which teacher educators can model technology pedagogy for their 
students. Furthermore, the method for teacher educators to develop those skills is through 
relevant and sustained professional development activities (UNESCO, 2002). 
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Part of the plan for exploring how technology innovations are sustained in this study 
surrounds understanding why and how innovations in TechCo were adopted and diffused. 
This researcher proposes to construct a theoretical bridge between two distinct theoretical 
paradigms, R'DIT and ATF that highlight how technology innovations in TechCo were 
sustained. R'DIT furnishes an understanding of technology adoption and diffusion whereas 
ATF deconstructs the complexities involved in sustaining an innovation. Both paradigms 
form the theoretical frameworks of this study. 
Theoretical Frameworks 
Rogers Diffusion of Innovation Theory (R'DIT) 
Diffusion of innovation is a theory that helps explain and analyze how an idea or 
practice is communicated and accepted by others. R'DIT explains how social changes take 
effect. According to Rogers (1995), an innovation is any "idea, practice, or object that is 
perceived as new by an individual... the perceived newness of the idea for the individual 
determines his or her reaction to it" (p. 11). Reactions towards an innovation lead to its 
adoption or rejection. In light of technology innovation, R'DIT model, Figure 2.2, shows 
that in social systems where individuals leam about technology through formal and informal 
channels of communication, the ideas diffuse readily, leading to adoption. 
To arrive at this conclusion, Rogers synthesized five decades of research on diffusion 
and identified five attributes of innovations congruent with the adoption of an innovation. 
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Figure 2.2. Stages of the innovation diffusion process (adapted from Rogers, 1995, p. 133). 
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The five innovation attributes shown in Figure 2.2 are relative advantage, 
compatibility, complexity, trialability, and observability. The attribute relative advantage is 
the degree to which a new innovation surpasses current practices. In this study, relative 
advantage is operationalized in terms of its usefulness in accomplishing the general goals for 
technology integration in teacher education, quality of work outcomes, and added 
convenience found to be compatible with the technology innovations developed. 
Compatibility is the degree to which the innovation is perceived as being consistent 
with the adopter's past experiences, present values, and current needs. In this context, 
compatibility will embrace TechCo's specific individual, group, and organizational goals, as 
well as its needs, culture, and structure. Although there is some degree of variation among 
university/K-12 partners in this study, ideally, sustainability should be compatible with the 
general values, needs, and work practices in each constituency—without a high degree of 
complexity. 
Complexity refers to the perceived difficulty to use and understand a new technology. 
Grudin (2001) suggests that when a new system or technology is perceived as being difficult 
to learn, understand, and use, adoption will be hampered. Massy and Wilger's (1998) as well 
as Rogers (1995) support this view. Research in usability engineering conducted by Grudin 
(2001) stresses that at the trialability stage, it is important that there is reduced complexity of 
a process. Reduced complexity will eventually speed up experimenting with, and adoption 
of the innovation. 
Trialability refers to the ease of experimenting with an innovation. Embedded in 
trialability is the level of effort needed and the risks involved in participating with the 
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innovation. When much effort and risks are associated with an innovation, there will be 
reciprocal reduction in an individual's willingness to try the innovation. Hence, lower scales 
of adoption will be observed, as postulated by Rogers (1995) and Grubin (2001). 
Finally, observability is described as the degree to which the results of an innovation 
are easily seen and understood. Sonnenwald, Maclaughlin, and Whitton (2001) used Rogers' 
attributes in their work on collaborative technology evaluation and cautioned that users must 
understand the value of the innovation before adoption takes place. In this qualitative study, 
observability is operationalized as the ease with which users experiment with, and/or tell 
others of the consequences of becoming engaged with the innovation. Because observability 
also includes visibility where the technology innovation is used successfully over time, it is 
likely that the level of adoption will be greater (Abou-Dagga, 1995). 
There are several stages and actions that precede the adoption of an innovation, 
including the needs and challenges of individuals that must be addressed if an innovation is 
to be fully adopted. The five stages identified by Rogers (1995) in Figure 2.2 are knowledge, 
attitude formation, persuasion, decision, and confirmation about the innovation. Knowledge 
is at the forefront of the adoption process, when an individual is introduced to the innovation 
and starts gaining an understanding of how it functions. It is at the persuasion stage that the 
individual forms a positive or negative attitude towards the innovation. For this stage Rogers 
(1995) suggested that: 
The individual becomes more psychologically involved with the innovation and 
he or she actively seeks information about the new idea .... This selective 
perception is important in determining the individual's behavior at the persuasion 
stage, for it is here/there that a general perception of the innovation is developed. 
Such perceived attributes of an innovation as its relative advantage, compatibility, 
and complexity are especially important at this stage, (p. 170) 
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According to Rogers (1995), the persuasion stage is crucial for an individual to become 
committed to accepting the innovation. If there is a perception of little or no advantage, low 
compatibility and high degree of complexity, then there could be the decision to reject the 
innovation. Decision is the stage where the individual becomes engaged with the activities. 
He or she is willing to try or experiment at this stage and this leads to adoption or rejection of 
the innovation. Implementation, the fourth stage, is a sure sign that the individual is willing 
to use the innovation. However, there may be adaptations to the innovation to fit the needs 
of the user. The final stage, confirmation, suggests there is reinforcement of the decision to 
use the innovation, but does not exclude the possibility of discontinuation. 
Each stage of the adoption process is carried out in the context of socio-economic, 
personality, and communication variables shown in Figure 2.2. In fact "This entire process 
of adoption and diffusion of innovation is influenced by social relationships and individual 
knowledge base (Shelley, Thrane, Shulman, Lang, Beisser, Larson, & Mutiti, 2004). The 
decision made to adopt or not adopt the innovation is made at the organizational, group, or 
individual levels, according to researchers Abou-Dagga (1995), Rogers (1995), and Sherry 
(2003). In general, adherents of R'DIT suggest that acceptance or resistance is significantly 
influenced by the characteristics of an innovation as well as the perceptions of the adopters 
(Hahn & Schoch, 1997). The perceptions of adopters (subjects) belonging to several 
communities of practice in ATF are the focal point of the next section. 
Activity Theory Framework (ATF) 
For researchers making their first contact with the literature on ATF, the most 
daunting features are the volume and complexity of the information. Vygotsky, Leont'ev, 
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and Luria are some of the major names associated with the initial conceptualization of ATF 
in the early 1900s. ATF is a philosophical framework (not a methodology) for studying 
different forms of human praxis (activity or practice), whereby each individual is viewed 
from a socio-cultural standpoint and seen as interlinked with the environment (Russell, 
1994). This interlinking shows an ecological interdependence of the individual with the 
wider social and economic environments. Kuutti (1996) provides a broad definition of ATF 
as "A philosophical and cross-disciplinary framework for studying different forms of human 
practices as a development process, with both individual and social levels linked at the same 
time" (p. 25). Over time, researchers assessed this definition as limiting in its scope. Nardi's 
(1996) definition of ATF was selected as being fuller and richer in its description: 
Activity theory is a powerful and clarifying descriptive tool rather than a strongly 
predictive theory. The object of ATF is to understand the unity and consciousness of 
an activity. ATF incorporates ... history, mediation, collaboration, and development 
in constructing consciousness ... that consciousness is not a set of discrete 
disembodied cognitive acts (decision-making, classification, remembering), and 
certainly it is not the brain; rather, consciousness in located in everyday practice: you 
are what you do. And what you do is firmly and intricately embedded in the social 
matrix of which every person is an organic part. The social matrix is composed of 
people and artifacts .... Understanding the interpretation of the individual, other 
people, and the artifacts in everyday activity is the challenge activity theory has set 
for itself, (p. 7) 
The quote above provides a comprehensive overview of ATF, how it works, and the intended 
results. The outlined precepts in Nardi's (1996) description of ATF correspond to the issues 
raised in sustaining technology innovations in this study. Among the precepts are two major 
ideas this researcher examined as they related to sustainability of technology innovations in 
teacher education. They are (1) artifacts mediating between human actors and the objects of 
their activities and (2) activity being socially constructed and embedded in consciousness. 
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Mediation of artifacts in ATF 
The mediation of artifacts is a key component of ATF (Russell, 1997). The mediating 
artifacts take different forms: physical objects, including machinery; conceptual form 
including rules, tradition or procedures; and semiotic form, i.e., language or writing. 
Artifacts play a vital role in facilitating and constraining activities based on the integral and 
inseparable components attributed to human functioning. As Kuutti (1991) postulates, an 
activity cannot be studied outside its context. Furthermore, Kuutti (1996) states, "artifacts 
themselves have been created and transformed during the activity and carry with them a 
particular culture—a historical residue of that development" (p. 26). 
As evidenced in this study, a historical residue of pervading technology innovations 
in TechCo is encapsulated in the systems perspective advocated by Senge (1990). Figure 2.3 
shows tools as the mediating artifact between the subjects (participants) and object 
(sustaining technology innovations), with successful integration of technology in teacher 
education as the outcome in this study. 
Figure 2.3. Tool mediation 
The basic principles of ATF outlined in the literature are considered as an integrated 
or ecological system. In the research carried out by Bannon (1997) as well as Jonassen and 




enumerated as (1) unity in the consciousness of activities, (2) context in which the activity 
occurs, (3) people interacting with the environment, and (4) focus on the intersections of the 
dynamic relationship between consciousness (of people) and activity. The basic structure of 
an activity will be discussed in the next section. 
Basic structure of an activity system 
According to Kuutti (1991), activities in which humans participate are building 
blocks for studying and understanding context. The ever-interacting components (artifacts) 
of activity systems postulated by Engestrôm (1987) are subject, tools, object, division of 
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Figure 2.4. Basic structure of an activity system. (Adapted from Engestrôm, 1987, p. 8). 
Together, all seven elements featured in Figure 2.4 provide explanatory power of an 
activity system in important ways. First, ATF situates an activity within a larger, social 
context. Second, it integrates elements of Marx's (1973) famous economic model, cited in 
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Engestrôm (1987), featuring production, consumption, distribution, and exchange in the 
social context of the activity (see Appendix A for the glossary of terms used in ATF). These 
elements combine to provide a useful and analytic framework for interpreting human activity 
and organizational analysis, while revealing contradictions, especially in this context of 
sustaining technology innovations. 
Engestrôm (1990) indicated that contradictions were inevitable in any human activity 
system, making contradictions an important aspect of ATF. Holt and Morris (1993), in their 
work on understanding contradictions in an activity system, suggest, "contradictions within 
and among the components of an activity system, between it and other systems; or between a 
system and its emerging or advanced version, are inevitable" (p. 99). 
There is no doubt that contradictions are evidenced in exploring strategies, 
challenges, and leadership in this case study. In Russell's (1997) view of contradictions that 
are evident in human activity, he concludes that due to the continuous interplay among 
constituents and stakeholders, both primary and secondary contradictions are encountered, 
and they are useful for understanding a given phenomenon. 
Applying ATF (see Appendix B) enables a better understanding of each stakeholder 
in relation to the tools, object, and outcome in this study. ATF, as a theoretical construct, 
provides an effective strategy for collecting, analyzing, summarizing, and presenting the 
data. In using ATF, this researcher identifies the subject and object of the study, describes 
the tools used in the TechCo project, states how labor is divided, names the communities 
(partners) involved, lists the rules and customs both written and implied, and discusses how 
all these elements shape the object sustainability and the final outcome of renewal in teacher 
education. 
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Having knowledge about tools, rules, community, production, consumption, 
exchange, and distribution elements governing an innovation provides a suitable guideline 
for the diffusion and adoption of the innovation (Abou-Dagga, 1995). Because the social 
dimensions of ATF involve people interacting in a specific context, the diffusion and 
adoption of each technology innovation among the partners involved in TechCo project was 
important to this study. Therefore, at his juncture we will re-visit the process for technology 
adoption. 
Adopting technology innovation 
Whereas Rogers depicts the adoption of an innovation in a linear fashion (see Figure 
2.4), Kazlauskas (1995) conceptualizes the process of adoption as non-linear. There is 
agreement between both writers that the process for the diffusion of an innovation is 
complex, messy, and multi-dimensional. Kazlauskas notes that an innovation must be both 
accepted by and integrated into an organization and become part of the organizational culture 
in order to be sustained. Leaders (Thompson, Davis, & Bull, 1995) in the Society for 
Information Technology and Teacher Education (SITE) suggest three basic principles on 
which technology integration in TEP should be built before institutionalization will become 
evident. 
1. Technology should be infused into the entire teacher education program. 
2. Technology should be introduced in context. 
3. Students should experience innovative technology-supported learning 
environments in their teacher education program. 
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Specifically, Kazlauskas (1995) postulates that teachers should be trained in using computer 
technology, and this training must run simultaneously with consistent and relevant teaching 
pedagogy aligned with the curriculum and administrative support. Together, these factors 
make a winning combination, leading to the favorable adoption of an innovation. These are 
in keeping with the ecological metaphor for sustainability maintained in this study. Taking 
each factor independently or in isolation would not lead to the adoption of an innovation— 
which is not a one-shot approach. It is a process over time (Sherry, 2003), consisting of a 
series of actions (Rogers, 1995) and is not free from barriers. 
Barriers to adoption 
The process of change is difficult and never devoid of obstacles, thus presenting a 
wide scope of inferences in the change process (Ruthstrom, 2001). In this section, a 
summary of the barriers drawn primarily from Vanclay's (1992) research addressing barriers 
to faculty adopting technology is presented. For individuals to move from one stage of an 
adoption to another there are several activities and infrastructures that need to be in place. 
These infrastructures are identified in Table 2.1. 
In Table 2.1, there are three major categories of barriers that can impede adoption of 
an innovation. They are identified in the literature as (1) nature of the innovation, (2) nature 
of adopters, and (3) infrastructure. Revisiting Rogers' attributes to adoption helps illuminate 
these barriers. In essence, the degree of complexity of an innovation reduces the speed at 
which an innovation is adopted. 
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Table 2.1. Barriers to the adoption of an innovation (adapted from Vanclay, 1992). 
Barriers Explanations 
Nature of the innovation 
Complexity More complex, more resistance; more difficult to understand. 
Divisibility The more divisible into component parts, the better the chance of parts being 
adopted. 
Conflicting information All new technologies are subject to debate about their applicability and 
effectiveness. 
Nature of adopters 
Loss of flexibility Adopters like flexibility; some innovations could reduce flexibility—hence, 
would be resisted. 
Congruence Innovations are more likely adopted if they are compatible with personal 
goals and values. 
Risk and uncertainty With no perceived benefits, innovations will not be adopted. 
Loss of flexibility Adopters like flexibility. Some innovations could reduce flexibility—hence, 
leading to resistance. 
Infrastructure 
Economics The more economically beneficial an innovation, the more likely it will be 
adopted. 
Implementation cost What is the capital outlay to acquire the innovation? 
Physical and social 
infrastructures 
Adoption is less likely where inappropriate infrastructure exists. 
Conforming to sub-cultural norms must be maintained for adoption. 
Similarly, if the intended adopter perceives many risks and incongruence with his/her 
values, adoption will be delayed. Additionally, as shown in Figure 2.2, without proper 
infrastructure, the adoption of an innovation will be slowed and/or resisted. With effective 
planning strategies, barriers to innovation adoption can be anticipated and measures put in 
place to reduce them (Lieblich, 1993). 
In summary, strategic planning is necessary for sustaining technology innovations. 
One of the strategies for sustaining technology innovations is simultaneous renewal, whereby 
renewal takes place in multiple constituencies connected with the innovation. R'DIT and 
ATF were two separate paradigms used to examine sustainability. Adopting technology 
innovations comes with barriers based on the nature of the innovation, nature of the adopter, 
and the infrastructure available. All barriers may not be anticipated. However, flexibility in 
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dealing with barriers can reduce the time an innovation takes to become adopted. Barriers 
left unchecked lead to bigger challenges of sustainability. Challenges to sustainability are 
uncovered in the next section. 
Challenges to Sustainability 
Barriers to sustainability identified in the literature will be considered as the building 
blocks to challenges explored in this section of the study. A close examination of the 
literature addressing technology and teacher education revealed the following challenges to 
sustainability: timing for technology infusion, funding, policy changes, teacher turnover 
("churn") and teacher burnout, as well as changes in leadership (Korbak & Espinoza, 2001; 
Kennedy, 1997; Massy & Wilger, 1998). 
Timing of technology infusion 
Technology itself can be a challenge in organizations (Korbak & Espinoza, 2001), 
where users are not trained to use technology effectively. Technological change is especially 
rapid in the area of information technology. A challenge for leaders in learning organizations 
is trying to keep up with the pace of technology innovations while controlling costs (Massey, 
1996; Bates, 2000; Powers, 2000). Significant technological changes can create major 
dislocations, rendering investments in existing technologies obsolete. This process of 
technological change is particularly challenging in universities, where there is a heightened 
need to demonstrate the efficacy of such change—a process that can be expensive, time-
consuming, and difficult to do well (Sumner, 2001). Technology must be infused when there 
is readiness among committed participants experimenting and learning how to use 
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technology. In any program plan, funds should be made available for timely professional 
development activities (Korbak & Espinoza, 2001). 
Funding 
In 1990 a major study was conducted in Alaska, assessing challenges inhibiting 
educational innovations. Mell and Mell (1990) found that innovations were discontinued as 
school districts faced shrinking budgets. Lack of adequate funding led to elimination of staff 
training programs, and innovations were eventually thwarted. Similarly, Korbak and 
Espinoza (2001), in their case study analysis, emphasized that funding was a major challenge 
for the six schools participating in their multiple case study. Keeping abreast of hardware, 
software, and training required careful planning and steady funding. This was needed more 
where the technology purchase was provided on a one-time purchase plan. In Korbak and 
Espinoza's (2001) study, readers were cautioned not to think that funding alone would 
leverage sustainability of a technology innovation or any reform issue. Teacher turnover was 
cited as a crucial challenge to sustaining technology innovations, because there are 
substantial costs for training and retraining teachers who may leave from one school to 
another, or leave the teaching profession (Fullon, 2003). 
Teacher turnover and burnout 
Attrition of teachers is a challenge because losing teachers who have mastered the 
innovation leads to "reinventing of the wheel" in order to motivate staff sufficiently to learn 
and embrace the innovation. Historically, staff turnover has been cited as a challenge to 
sustaining innovations. Fullan (1992) identified both administrative and staff turnover as the 
primary internal reason for the discontinuation of innovations. Likewise, in the early 1970s, 
Zaltman and Duncan, as cited in Lieblich (1993), suggest that staff turnover is a key obstacle 
to sustaining innovations. Lieblich (1993) also notes that one of the underlying factors is that 
50% of beginning teachers quit within five years of teaching. Today, nearly 10 years later, 
teacher turnover or churn in the profession continues to be a challenge for sustaining 
innovations (Ingersoll, 2000 as cited in Fullon, 2003). There are many reasons for churn in 
the teaching profession, one of which is "burnout." 
Faculty who feel burned-out are likely to seek employment elsewhere, or they may 
remain and not contribute to the changes taking place, because they are not motivated or 
vitalized to continue pursuing the innovation. In the case study conducted by Korbak and 
Espinoza (2001), burnout was kept in check through faculty development support at the 
district and state levels. Consistent access to faculty development initiatives is important and 
should be responsive to the frequent changes in technology. This access should be available 
to university and K-12 faculty members, as well as administrators and other leaders involved 
in teacher preparation (UNESCO, 2002). In other words, in an attempt to reduce attrition and 
to keep abreast of technological developments, faculty development initiatives cannot be a 
one-shot, "one-size-fits-all" approach. Rather, deliberate and on-going efforts focusing on 
the needs of all involved in teacher preparation are needed (Korbak & Espinoza, 2001 ; 
UNESCO, 2002). Other areas of challenge in maintaining an innovation include changes in 
policies at the national and state levels that could contribute to the attrition of faculty 
members, and, by extension, discontinuation of an innovation. 
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Policy changes 
Successful reform requires substantial support from all stakeholders. Regulations 
from federal and state agencies as well as accreditation bodies remain largely outside the 
exclusive control of teacher educators in academe. State policy changes include changes in 
examination requirements and standards. Major changes such as exam requirements should 
be considered carefully and communicated to all stakeholders who impact teaching and 
learning (NCATE, 2001). In fact, the decision for changing requirements, impacting areas 
such as teacher certification and licensure, should be facilitated through a democratic 
process, with input from all stakeholders in teacher education. If not, faculty expected to 
adopt the innovation may become discouraged if there are abrupt and unexplained changes 
and if they are excluded from the process (Korbak & Espinoza, 2001). Changes in policy 
regarding accreditation standards not communicated to leaders in TEPs can be problematic. 
In order to reduce potential problems, the National Council for Accreditation of 
Teacher Education (NCATE)—the body that provides accreditation standards for many 
TEPs—developed strong community bonds with the professional association International 
Society for Technology in Teacher Education (ISTE). The purpose of building such bonds 
was to facilitate "cross-pollination" of ideas as well as the development of policies critical to 
technology integration in TEPs (NCATE, 2001). ISTE is responsible for making 
recommendations to NCATE, regarding appropriate standards for several programs. This 
affiliation between the two organizations has resulted in "strong accreditation guidelines for 
technology in TEPs, as well as [for] programs preparing individuals for leadership roles . . .  
in educational environments" (p. 65). 
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Policies, whether at the local or national level, can promote or demote the 
implementation and/or sustaining of technology innovations. Policy-makers have the 
responsibility to envision how policies affect innovations at the macro and micro levels. 
Policies relating to incentives, rewards, selection, and retention of faculty members should be 
considered as well (UNESCO, 2002). Other policies addressing technical support for faculty 
implementing and/or engaged with technology innovation must support, not obstruct, this 
process. Like leadership, policy should be recognized as essential for sustaining technology 
innovations in TEPs. Consistent and effective leadership can reduce the challenges 
associated with policy changes. Conversely, frequent changes in leadership can be a grave 
challenge in learning organizations (Nodding, 1992). 
Change in leadership 
A part of the success of effective leadership in the area of technology innovation is 
shared leadership (Gardner, 2000; UNESCO, 2002). When there is a change of leadership, 
an innovation is likely to be retained in learning organizations where shared leadership 
shapes the climate and culture of that organization (Cohen & March, 1986; Kennedy, 1997; 
Senge, 2000). In the case study by Korbak and Espinoza (2001), they found that more than 
one key leader is necessary for implementing and sustaining innovations. In this regard, 
leaders do not act unilaterally and the innovation will be sustained if there is a change of 
leadership. For example, Korbak and Espinoza found that in one school when the principal 
left, the teachers sustained the innovations because there was shared leadership and teachers 
had ownership of and were committed to the technology innovations in place before the 
principal left. 
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When [the principal] left... some people thought, ahhh, what's going to happen 
when your school loses its leader? But the school was full of teacher leaders, and the 
teacher leaders picked up and continued on, and held the school up in transition 
which was really, really exciting and refreshing ... it proved to me, the whole issue 
with teacher leaders and the validity of what we're doing (Korbak & Espinoza, 2001, 
p.l).  
Issues related to changes in leadership working with an innovation can lead to problems and 
roadblocks for the implementation of innovations. Leaders having intimate knowledge of an 
innovation may leave the project to accept another position, be reassigned to a different job, 
or enter retirement (Lieblich, 1993). Such leaders take important knowledge and skills about 
the innovation that are sometimes irreplaceable. Hence, it is important that planning, 
organizing, and implementing of technology innovations is not the sole task of one leader in 
the learning organization. Rather, decentralization of leadership should be strived for and 
pursued. Shared leadership and shared vision are important constructs that need to be part of 
the culture and climate of a learning organization, in order for an innovation to be maintained 
even in the face of changes in leadership (Lieblich, 1993; UNESCO, 2002). In summary, 
there are various challenges that can hinder diffusion, adoption, and ultimately sustainability 
of technology innovations. 
In this section, the five major challenges discussed were timing for technology 
infusion, funding, policy changes, teacher turnover (churn), teacher burnout (lack of vitality), 
and changes in leadership. These challenges can limit and stifle the life of an innovation. 
Leaders overseeing technology innovations must be aware of these challenges and devise 
effective ways of minimizing them and optimizing the time-span of innovations. Leadership 
will be examined in the next section. 
45 
Leadership 
Here the researcher examines (1) strategic leadership and decision-making for 
sustaining technology innovation, (2) creating a vision for sustainability, (3) the role of 
department chairs in sustaining innovations in their academic units, and (4) the impact of 
culture and change on technology innovations. 
Strategic leadership and decision-making 
"Administration, management, leadership, and governance are four key ingredients of 
strategic planning [and decision-making] that ensure institutional health and renewal" 
(Tiemey, 1993, p. 539). What does this mean? Briefly, administration entails effective 
coordination of activities (Gardner, 1997; Kerr, 1994; Tiemey, 1993), and management sees 
that decisions are made for proper coordination of activities (Massy, 1996; Powers, 2001). 
Leadership addresses motivating and inspiring the "troops" (Tiemey, 1993, p. 539) and 
governance refers to efficient decision-making (Gergen, 1993; Simsek & Seashore, 1994). 
Strategic leadership and decision-making in teacher education are both implicit and explicit 
in the role and function of change agents, as they wrestle with creating a vision for 
sustainability—a complex and sometimes ill-structured concept. 
Creating a vision of sustainability 
A vision for sustaining technology innovations in teacher education is like a road map 
to the future that will show the ways in which products, services, new competencies, and 
strategies will evolve and be sustained. Few TEPs have this road map (Hart, 1997). In 
creating a vision for sustaining technology innovations, the role of leaders overseeing the 
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innovation is important. The leaders to be addressed in this study are department chairs who 
monitor the progress and activities within their academic division, and project leaders 
(change agents) who have direct input and interest in the PT3 project. 
Department chairs as leaders and managers of change 
The most common attribute of a successful department is effective leadership. This 
attribute makes the chairmanship a key position, crucial to the educational success of the 
department within the larger learning organization. The chair is the single most important 
link (Bennett, 1983/1988; The American Council on Education, 1999) and a primary 
spokesperson between the university administration, faculty members, and academic 
programs (Waltzer, 1975). As front-line managers, chairs serve multiple constituencies 
(Hecht, Higgerson, Gmelch, & Tucker, 1999) and have many roles and responsibilities. 
Roles and responsibilities of chairs 
Higher education learning organizations have become increasingly more complex, 
formalistic, and bureaucratized asserts Garrison and Anderson (2000) and Tienery (1993). 
As a result, the chair must assume increased responsibility of translating the complexity 
within his/her department into understandable units of analysis that promotes suitable 
working conditions for faculty and a successful learning environment for students. In other 
words, the chair has the major responsibility for creating equilibrium in the complex, 
contradictory, and loosely coupled academic community (Kennedy, 1997; Waltzer, 1975; 
Weick, 1976). Waltzer's (1975) seminal work addressing the responsibilities of chairs has 
been supported by more recent research in the field by Bennett (1983/1988), Hecht, 
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Higgerson, Gmelch, and Tucker (1999), and The American Council on Education (1999). 
These researchers concluded that chairs have numerous responsibilities. 
From the meta-study conducted by Waltzer (1975) addressing the role and 
responsibilities of departmental chairs, the following areas of responsibility emerged: 
academic affairs, budgetary affairs, departmental affairs, external communication, faculty, 
student and office management, and personal and professional performance (see Appendix C 
for a table showing roles and responsibilities of department chairs). These roles are not rank 
ordered. Each is part of the extensive written and unwritten responsibilities of the chair. The 
multiple roles of chairs in an academic department lead to their becoming empowered2 
(Norris, Bamett, Basom, & Yerkes, 2002; Waltzer, 1975). 
For an innovation to be sustained within a department, the chair is important in 
exercising power to help make this happen, reiterate Seagren, Creswell, and Wheeler (1993). 
A facultative3 methodology employed by chairs is a ticket to using their influence to 
'innovate' a department with component technologies (Norris et al., 2002). Senge (2000) 
argues for five distinctive but related component technologies useful in assessing innovative 
learning organizations. They are systems thinking, personal mastery, mental models, 
building shared vision, and team learning. 
Systems thinking. The fabric of all human endeavors is made up of interlocking 
threads called systems, which are bounded by visible, invisible, and related actions (Kuutti, 
1996; Senge, 2000). These actions take place at varying levels of the organization, and they 
2 The idea of empowerment is supported by three important theories identified in the literature. They are needs 
theory, value theory, and thinking theory (Norris, Bamett, Bason, & Yerkes, 2002). These theories will not be 
expounded on because they are beyond the scope of this study. 
take time to be developed. Chairs are part of the intricate 'lacework,' having the ability to 
step back and see the whole pattern in the department (as a system). Scientists argue that the 
central concept to systems thinking is in understanding how all the objects in a system 
interact with one another. This line of reasoning is in keeping with the tenets of ATF 
(Kuutti, 1991; Nardi, 1996). Non-systems or linear thinkers, postulate Norris et al. (2002) 
usually see snapshots of individual parts and not the full, holistic, or global picture that 
systems thinkers generally see. A conceptual framework for individuals to see the full 
pattern in new ways and to identify where changes are beneficial is accomplished through 
systems thinking (Senge, 2000). This suggests that the approach of systems thinking differs 
from traditional forms of analysis, in that, systems thinking focuses on feedback relationships 
within an ecological system (Aronson, 2002). Chairs, who are able to see the "big picture," 
what needs to be done, and what can be done in their departments, have developed personal 
mastery of systems thinking—which is not intuitive but rather takes time to be fully 
developed. 
Personal mastery. There are two schools of thought used in defining mastery: (1) 
gaining dominance over people or things and (2) developing competency and proficiency 
(Senge, 2000). In this study, the latter definition will be employed. Personal mastery is 
essential in learning organizations as it deepens personal vision, focuses one's energy, helps 
build patience, deals with creative tensions,4 and it leads to being objective about reality 
(Senge, 2000; Norris et al. (2002). Through personal mastery chairs can tap into their 
3 Contingent on collaboration with faculty 
4 Norris et al. (2002) describes creative tension, as that gap between what one knows should be done cognitively 
and affectively compared with the reality of what is. 
personal creativity and that of others, as they create mental models that help them in their 
decision-making endeavors. 
Mental models. Holland, Holyoak, Nisbett, and Thagard (1986) suggest that mental 
models are the basis for all reasoning processes. As one interacts with the environment, with 
others, and with artifacts—for example, technology—internal mental models of all 
components are formed. This results in formulating judgments regarding actions to be taken. 
The judgments provide predictive and explanatory power for understanding 
interaction and activity among people (Senge, 2000), and will be uncovered using ATF and 
R'DIT. The process of forming mental models allows an individual to move from lower-
order rationality to higher-order thinking of synthesis and intuition. At the intuitive level, 
challenging mental models are formed and underlying assumptions of group expectations are 
considered (Norris et al., 2002). Chairs form mental models of themselves, their faculty, and 
students with whom they interact. They share mental models through formal and informal 
interactions and distinct communication patterns. 
For example, if chairs form mental models that technology usage in the classroom 
leads to greater achievement in student learning, the logical actions that follow would be 
providing resources (including training opportunities), communicating with faculty, 
encouraging faculty to learn with and use technology, and rewarding faculty for integrating 
technology in their courses (Cuban, 1993). The thought processes (mental models) formed 
by chairs regarding technology would be congruent with the actions taken and shared with 
others. The sharing of mental models leads to open thinking and inviting others to share their 
mental models and ultimately building a shared vision through greater dialogue. 
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Building a shared vision. One of the seminal ideas about leadership that makes an 
organization successful is creating a shared picture of the future of the organization (Senge, 
2000; Tiemey, 1993). Organizations as ecological systems are made up of people with goals, 
values, assumptions, and unique belief systems shaped by the wider culture or environment 
(Nardi & Miller, 1991). When there is shared vision as opposed to a 'vision statement,' 
people are motivated to excel, learn, and take risks, because they are part of the shared vision 
process (Senge, 2000). The crucial point argued by Senge is that vision must be developed 
collaboratively. 
If chairs have personal visions forced on individuals in the department, it is likely that 
there will be resistance to adopting such visions. Norris et al. (2002), indicated, "a vision 
that encompasses not only the vision of the leader but also the vision of individuals within 
the group is a vision that is likely to be pursued" (p. 18). Therefore, a chair who facilitates 
and welcomes dialogue with others galvanizes the interest and input of those he/she leads. In 
this regard, dialogue leads to better understanding of individual and group values, 
simultaneously helping group members find common threads that can maintain the goals, 
purpose, and vision of the group (Kottak, 1997; Senge, 2000; Tiemey, 1993). The practice of 
shared vision calls for chairs to have a clear sense of direction, to see the big picture, foster 
genuine commitment, and be a team leader willing to learn with and from others. 
Team learning. Team learning is important for chairs to develop, foster, and 
encourage in their departments. The dynamics of team learning are similar to those of 
cooperative learning (Johnson & Johnson, 1994). Research on cooperative learning suggests 
that individuals who work and learn as a team are better able to develop and use critical 
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thinking and problem solving skills than individuals who learn and work alone. Team 
learning also helps promote positive relations among different groups, leading to the valuing 
of each team learner. As cited in Johnson and Johnson (1994), more than 70 major studies 
have demonstrated the effectiveness of cooperative or team learning on a range of outcomes 
including: 
(1) Higher achievement for the individual learner: When group goals and 
individual accountability are used together, the effects on achievement are 
consistently positive. 
(2) Improved relations among different groups: One of the earliest and strongest 
findings shows that learners who cooperate with each other learn to appreciate 
each other irrespective of social, economic, ethnic, and/or sexual differences. 
(3) Incorporating learners who otherwise would be isolated: Significant 
improvements in relationships occur between these learners, and a sense of 
belonging is engendered where team learning is encouraged. 
(4) Interdependence: Learners depend on one other as they ask for and receive 
help from one another. As cooperative norms are established, each team 
member becomes positively linked to others, who will help and depend on 
them for completing shared tasks in a supportive atmosphere (Johnson & 
Johnson, 1994). 
One way leaders can become models of cooperation is to make team learning an 
integral part of the day-to-day activities, especially where reform is needed (Senge, 1990). 
According to Senge, "team learning is the process of aligning and developing the capacity of 
a team to create the results its members truly desire" (p. 26). 
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In fact, team learning is described as a "new language—a language of discourse" 
(Norris et al., 2002, p. 31). In the same way learning a new language does not come by 
chance, aligning team members and accomplishing the goal of the team does not come by 
chance either. Team learning is an adaptation of action learning originally developed in the 
United Kingdom (UK) in the early 1900s and was recently re-discovered by organizational 
development consultants in the U.S. (McCann, 2002; Senge, 2000). It is through the active 
process of team learning that chairs can have key questions about sustainability identified 
and addressed. Through trial and error, team learners who are generally lifelong learners 
then seek appropriate solutions, suggests McCann (2002). Currently, the pace of change in 
TEPs suggests that learning must be a lifelong activity, especially for leaders effecting 
change. In the words of Ajayi (2002), 
A good leader will recognize what he or she does not know, and would be willing to 
invest in continuous learning. Good leaders also recognize their shortcomings and 
seek to find and work with others who are strong in those areas where they are weak, 
(p. 110) 
Chairs, by the nature of their jobs, are life-long learners, capable of interweaving 
excellence and learning. Kolb's (1984) learning cycle describes learning excellence as a 
process, whereby knowledge is constructed through the transformation of one's experiences. 
Fundamentally, Kolb's learning cycle outlines learning as the dialectic coupling of concrete 
and abstract activities, while simultaneously transforming such experiences through 
observations, reflections, testing and applying experiences to stated learning outcomes. A 
chair who also is a team learner, ensures that lessons learned are captured and transformed 
into organizational learning for all team members (Ajayi, 2002). 
In summary, together with the five component technologies discussed above, other 
implicit factors are important for chairs to create an atmosphere, in which sustaining 
technology innovations is possible. These factors include developing an atmosphere of trust 
within the department and fostering a climate and culture responsive and conducive to 
change. These areas can only flourish if the chair fosters clear and open channels of 
communication. 
According to Gardner (2000), "all that we know about leaders and constituents or 
followers tells us that communication and influence flow in both directions ..." (p. 3). In 
other words, it is the responsibility of the chair to build bridges of communication within and 
outside the department. A chair fulfilling his/her role communicates clearly with faculty and 
administration. By default, the communication process requires chairs to analyze, interpret, 
synthesize, evaluate, and present cogent arguments that are an accurate reflection of the 
intent of each constituency represented (Bennett, 1988; Hecht, Higgerson, Gmelch, &Tucker, 
1999; Waltzer, 1975). Trust, communication, and a pleasant organizational climate are 
constructs that shape and are shaped by the culture that exists in a department where leaders 
are willing to respond, manage, and lead change. 
Managing culture, innovation, and change: A complex issue 
Central to the conceptualization of this study is culture and change. Sustaining 
technology innovation revolves around change in different constituencies, working 
simultaneously to renew teacher education. Managing change in relation to sustainability is a 
complex task. Any attempt to simplify the complexity of sustainability takes away from the 
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richness of the process. By extension, such an action would misrepresent the reality of the 
situation (Chillers, 1998). 
It became evident throughout the literature review that positive collégial relationships 
among faculty, staff, and students; open communication; and a pleasing culture were 
necessary elements to effect, maintain, and understand the complexity of change. When 
viewed in this light, mutually beneficial relationships among individuals within the 
institution were developed (Gardner, 2000; Senge, 2000; Yee, 2000). A close examination of 
a learning organization reveals that it is as much a matter of its culture as its structures, 
policies, and practices that together define the institution (Kerr, 1994; Kuh, Schuh, Witt, & 
Associates, 1991; Rosovsky, 1990). 
Defining organizational culture 
The concept of organizational culture connotes a variety of meanings, including 
"climate," "ethos," and "saga" (Deal & Peterson, 1990). According to Kuh (2001), the 
cultural properties exhibited by an organization directly or indirectly impact everything that 
happens within that learning organization, although to different degrees. Culture impacts and 
is impacted by the behavior, expectations, and experiences of people in the organization. 
Culture also impacts disparate functions of "budgeting, fundraising, faculty-reward systems, 
as well as teaching and learning approaches" (Kuh, 2001, p. 24). Why is culture perceived as 
having such powerful impact on an organization? Because culture is something an institution 
has that distinguishes it from other institutions, and culture is also something an institution 
does that affects the overall performance of individuals in the institution. The interplay and 
complexity of an institution's culture renders it difficult to reduce culture to a simple 
formula, equation, or an objective and measurable set of constructs (Kuh, 2001). 
Broadly speaking, culture is defined by the beliefs, behaviors, and practices (cultural 
functionalisms) of a particular group (Kottak, 1997; Tiemey, 1993). Schein (2000), a 
reputable researcher on organizational culture, defines culture as "the basic assumptions and 
beliefs shared by members of a group or organization ... the pervasive assumptions and 
beliefs involve the group's view of the wider society, the world, and their place in it" (p. 12). 
Schein (1985) further distinguishes between the underlying or "hidden" assumptions that 
individuals may be unconscious of, and the espoused values and assumptions that may or 
may not be consistent with the hidden assumptions. 
In the area of sustaining technology innovation, there are many assumptions, hidden 
and espoused—that are dictated by the culture of a department and wider learning 
organization. Together they help shape the degree and speed at which technology is adopted 
or resisted in a given setting (Rogers, 1995). Although a major function of culture is to help 
people understand the environment and determine how to respond to it, culture is constantly 
evolving like a moving target (Kottak, 1997; Schein, 1985; Tiemey, 1993). As culture 
changes, it incorporates changes in values, beliefs, and attitudes within the internal and 
external environments. This gives rise to the rarity of a single institutional or organizational 
culture (Kuh, Schuh, Witt, & Associates, 1991; Yukl, 1989). However, the dominant culture 
within an organization is generally that which is shaped and fostered by the leader. 
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How leaders shape culture 
Schein (1985/2002) suggests five primary mechanisms that leaders can adopt for 
embedding and reinforcing a positive organizational culture. They are attention, reaction to 
crisis, role modeling, allocation of rewards, and the selection and dismissal of criteria, as 
outlined in Table 2.2. 
Table 2.2. Primary mechanisms for shaping organizational culture 
Mechanisms Explanations 
1. Attention Communication of values, priorities, concerns (questions asked), comments 
given. 
2. Reaction to crisis How leaders who communicate their values manage crises. 
3. Role modeling Through their own actions, leaders communicate values and expectations, 
e.g., loyalty, self-sacrifice, and service beyond the call of duty. 
4. Allocation of rewards Value placed on traditions and rituals formally and informally; recognition 
of contributions and achievements; awarding of status symbols. 
5. Selection and 
dismissal criteria 
Recruiting and hiring practices; criteria used to discipline, expel or dismiss 
members of the organization. 
These mechanisms are used to cultivate the "climate" of the organization. This 
climate is important in shaping and maintaining the culture that will evolve and co-exist 
with group culture within the organization. Attention paid to the communication of values, 
priorities, and concerns of individuals will not go unheeded. How leaders react to and 
manage crisis helps followers to cope with and manage crises. Through role modeling, 
leaders demonstrate how the value placed on traditions and rituals is upheld within that unit. 
The procedures followed in allocating resources, recruiting, and dismissing members within 
organizations are areas that both leaders and followers are concerned with, and these areas 
cannot be ignored. The five primary mechanisms along with secondary mechanisms help 
shape the culture and climate in a department. 
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In addition to the five primary mechanisms, Schein (1985) suggests five secondary 
mechanisms that are useful in articulating and reinforcing the wider organizational culture. 
A close look at the secondary mechanisms in Table 2.3 reveals convergence and consistency 
with the primary mechanisms. 




Influenced and shaped by internal relations; individual responsibility and 
shared responsibilities. 
2. Design of systems 
and procedures 
Bureaucratic procedures can 
> Formalize the attention to some activities and criteria 
> Help reduce role ambiguity 
> (Can) be stifling to some members of the organization 
3. Design of facilities Can be intentional or unintentional to reflect basic values of egalitarianism or 
dominance and submission. 
4. Stories, legends, and 
myths 
These are important especially learning organizations, for 
> Transmitting values and assumptions 
> Reflecting and influencing the culture 
5. Formal statements Public statements of value, written creeds, and philosophy 
> Important to the culture of an organization 
> Communicate a small portion of an organization's cultural 
assumptions and beliefs 
Table 2.3 shows the secondary mechanisms: organizational structure, design of 
systems and procedures, facilities, stories, legends, and myths, and formal statements—all 
vital for the articulation and reinforcement of the organizational culture. A newcomer to the 
organization seeing the 'surface' of the culture may not be able to give a full or accurate 
picture of the culture within that organization. However, depending on the degree to which 
the primary and secondary mechanisms are in place, the newcomer can get a general 
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Figure 2.5. Model conceptualization of the primary and secondary mechanisms impacting organizational climate and culture 
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(2000), and Senge's (2000) arguments, showing the importance of both primary and 
secondary mechanisms impacting the culture and climate of an organization. 
Consistent with the arguments posed thus far, regarding building a pleasant climate 
and culture in learning organizations, Gardner (2000) extends this argument to include 
language, artifacts, traditions, and physical settings to help a newcomer understand the 
general tone of the organization's culture. In a TEP attempting to adopt and integrate 
technology in the curriculum, a 'feel' for the culture within that department will be evident in 
the technology resources available (Cuban, 1993; Sheingold & Hadley, 1990), support given 
for training (Morales et al., 2001), access to resources (Kuh, 2001), and the collegiality 
engendered (Gardner, 2000) among stakeholders—students, faculty, administrators and other 
sub-cultures that have developed (Schein, 1985; Senge, 2000; Yee, 2000). 
Summary of Literature Review 
The purpose of this study was to explore sustainability of technology innovations in 
teacher education. The review of literature provided a basis for identifying the critical 
components of the strategies, challenges, and leadership needed for sustaining technology 
innovations. The intent of this review was to provide an integrative understanding of the 
literature addressing sustainability of technology innovations. 
The review explored four major themes aligned with the research questions. 
Contextualizing sustainability from an educational paradigm suggests that the economic, 
social, and environmental aspects cannot be ignored. It also revealed that no universal 
definition for sustainability exists. Hence, the researcher developed a working definition 
suitable for this study. An examination of the strategies for sustainability revealed the need 
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for simultaneous renewal in all constituencies impacting teacher education. ATF was 
explored and shown to be a comprehensive and relevant framework for understanding the 
complexity of sustaining technology innovations by deconstructing activities, showing where 
contradictions lie. R'DIT illuminated how innovations are diffused and adopted, suggesting 
that individuals move from basic knowledge about an innovation to a final decision to adopt 
or reject the innovation. 
Several challenges were cited as affecting sustainability, including lack of funding, 
teacher turnover (churn), policy changes, and leadership. Shared leadership and shared 
vision were identified as needed to overcome the challenges highlighted in the literature. 
Furthermore, the literature reviewed indicates that sustainability should be at the 
forefront of planning when grant monies are sought. More research needs to be done to 
specifically address sustainability of technology innovations in teacher education. The 
ubiquity of technology in business, homes, and education makes it imperative that teacher 
education departments develop policies and practices that foster sound pedagogical use of 
technology in K-12 learning organizations. Knowledge of pedagogy needs to be developed 
through empirical research (UNESCO, 2002). 
A clear sense of purpose must be the guide for sustainability of technology 
innovations. Sustaining technology innovations is a long-term goal. Planning for this goal 
takes time. However, irrespective of its scope, scale, and complexity, sustainability can be 
carried out successfully. There are no simplistic models for sustaining technology 
innovations. Through experimentation and trial and error, each learning organization has to 
develop a framework for preserving innovations compatible and relevant to the 
organization's needs and context. Chapter 3 focuses on the methodology and research 
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design, through an explanation of the overall research approach, rationale, and the specific 
research design unpinning this study. A comprehensive description of the research site, 
participants, data collection, data analysis, and procedures followed to ensure trustworthiness 
and authenticity featured in conducting this research will be illuminated. Also, the pilot 
study used to guide the exploration of sustaining technology innovations in teacher education 
is presented in Chapter 3. 
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CHAPTER 3. GENERAL METHODOLOGICAL APPROACH 
Purpose 
The purpose of this study was to explore sustainability of technology innovations in 
teacher education. In this chapter the methodological framework, including the research 
design guiding the study, is provided. A description of the qualitative methodology, 
underlying philosophical assumptions, research approach, research design, techniques for 
verifying qualitative research, participant selection, instrument development, data collection 
procedures, and data analysis strategies also are included. Finally, issues related to 
trustworthiness and ethical considerations are also addressed in this chapter. 
Rationale 
Sustainability of technology innovations entails an "ecological" interdependence of 
individuals working together, adopting and/or resisting the changes (Shriberg, 2002). 
Understanding the "who's," "why's," "what's," and "how's" of sustainability is important. 
Qualitative methodology fosters an understanding of the strategies, challenges, and 
leadership requirements for sustaining technology innovations in teacher education. 
Qualitative methodology 
To find solutions to the problem of sustainability in teacher education qualitative 




1. What strategies are used for sustaining technology innovations in teacher 
education? 
2. What challenges are encountered when trying to sustain technology innovations in 
teacher education? 
3. How does leadership impact the process of sustaining technology innovations in 
teacher education? 
For a thorough understanding of the phenomenon of sustainability of technology innovations, 
in-depth interviews, document analysis, and direct observations were chosen as the data 
collection techniques to focus on the experiences, perceptions, and meanings participants 
have regarding sustainability of technology innovations in IS's TEP. In other words, the 
voices and stories of the participants will be heard (Ellertson & Schuh, 2002) using 
qualitative methodology. 
Patton (1990) advocates choosing "a paradigm ... that seeks methodological 
appropriateness within the context of the problem being addressed" (p. 23) as the primary 
criterion forjudging methodological quality, allowing for "situational responsiveness" 
(Patton, 1990, p. 39), i.e., using the methods and tools that fit the context. In strengthening 
Patton's views, Erlandson, Harris, Skipper and Allen (1993) suggest 
A primary goal of research is to achieve understanding and ... develop models that 
approximate 'truth' and 'reality' within a naturalistic paradigm. Within a naturalistic 
paradigm there are 'multiple realities' with differences among them that cannot be 
resolved through rational processes or increased data. (p. 14) 
Using the naturalistic inquiry helped unfold the reality and context of the experiences of each 
participant. For the expressed purpose of exploring sustainability of technology innovations 
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in teacher education, qualitative methodology furnished the depth of understanding 
necessary. Depth was obtained through interviews with two co-principal investigators, 
TechCo's project coordinator, one department chair, one faculty who taught a core course to 
pre-service teachers, three elementary school principals, two technology coordinators, one 
business executive from Apple Computer Inc., and two AEA educational technology 
consultants. 
Underlying each methodology is its basic philosophical assumption regarding 
perceived validity. Knowledge and awareness of the hidden or underlining philosophical 
assumption grounding the chosen methodology gives insights into how to conduct and 
evaluate the research phenomenon (Myers, 1997). In this case, the phenomenon was 
sustainability of technology innovations in teacher education with an emphasis on ISU's 
TechCo project. The following section discusses the philosophical assumptions that support 
this study. 
Philosophical Assumptions 
Chua (1986), as well as Guba and Lincoln (1994), suggest three underlying 
epistemologies for qualitative research—positivist, interpretive, and critical. The interpretive 
paradigm is most suitable for this study because of its philosophical assumption that there 
exists a pervasive socially constructed reality. This reality, according to Boland (1995), is 
developed through social constructs such as language, consciousness, documents, tools, other 
artifacts, and shared meanings. Interpretive studies attempt to understand phenomena 
through the meanings and interpretations that people assign to them based on the context 
(Elden & Chisholm, 1993). 
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Kaplan and Maxwell (1994) suggest that the interpretive epistemology focuses on the 
complex and "messy" nature of how individuals construct and make meaning of a 
phenomenon. Sustainability of technology innovations is complex and potentially chaotic, 
especially when viewed as "a process, not a destination" (Brandy II, 1998, p. 18). The 
interpretive paradigm allows for the exploration of sustainability by providing insight into 
decision-making, rewards, incentives, and other process-oriented outcomes. In this way, 
many of the dynamic and potential chaotic processes, directions, strategies, challenges, and 
unanticipated outcomes were uncovered. The interpretive paradigm is a naturalistic 
approach, utilized to provide a clear understanding of sustainability in this specific setting 
(Maxwell, 1994). In summary, the interpretive paradigm is a good fit for the 
phenomenological research approach because of the socially constructed processes to be 
investigated. 
Research Approach 
Realistic phenomenology, developed by Husserl (1859-1938), as cited in Keeves and 
Lakomski (1999), is the research approach complementing the interpretative epistemology 
used in this study. Three reasons surface for choosing realistic phenomenology as the 
research approach, and each is addressed based on the context of this study. First, realistic 
phenomenology is reflective, evidential, and descriptive in nature. Study participants were 
asked to reflect on and provide evidence for strategies, challenges, and leadership 
requirements for sustaining technology innovations in teacher education. Second, it captures 
and advances the voices and experiences of participants. In this case the department chair, 
project leaders, K-12 leaders, and AEA leaders. Finally, the emphasis of realistic 
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phenomenology is on the search for universal essences (not universal truths) of various 
matters, including human actions, motives, and personal meanings (Hathaway, 1995; Huse'n, 
1999; Liebscher, 1998). 
Realistic phenomenology makes room for widened perspectives and "getting to the 
roots" of human activity (Huse'n, 1999, p. 31). This approach has a 'goodness-of-fit' with 
ATF, one of the analytical frameworks for this study. When contrasted to logical positivistic 
and experimental designs, realistic phenomenology provides a holistic view of the 
phenomenon and avoids fragmentation, as it broadens the base for understanding people as 
unique individuals in a given context (Hoepfl, 1997). In light of realistic phenomena, a broad 
range of data was collected through 13 personal interviews as the primary data for this study; 
document analysis and direct observations provided secondary data to triangulate the data 
source. During the interviews, participants addressed a variety of encounters they had, 
including human actions and motives governing sustainability in their respective contexts 
(Center for Advanced Research in Phenomenology, 2000). The phenomenological approach 
complements the research design of this study. 
Research Design 
For this case study, qualitative data were collected through in-depth interviews, direct 
observations, and document analysis. Researchers Fraenkel and Wallen (1996), Touliatos 
and Compton (1988), Lincoln and Guba, (1985), and Yin (1984) describe the case study 
design as the in-depth study of an organization, culture, family, person, group or program. 
The case study design is selected as the "most appropriate mode of analysis" (Touliatos & 
Compton, 1988, p. 243), because detailed description of the strategies, challenges, and 
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leadership for sustaining technology innovation in teacher education with special emphasis 
on TechCo was sought. 
Case study protocol 
A case study protocol was prepared as suggested by Yin (1984). The steps followed 
in the protocol construction were: (a) outlining the purpose of the research, (b) identifying 
the sources of evidence to be used, (c) preparing the research instruments needed for the 
investigation, (d) scheduling data collection activities, (e) gathering supplies needed to record 
interviews, (f) preparing interview schedules, (g) collecting the data, (h) analyzing the data 
gathered, and (i) reporting the findings. 
Over the years the use of case studies as a research design proved to be an effective 
method of answering how and why events happen within a real-life context. Yin (1993) 
identified six sources of information that can be used in case study research—documentation, 
archival records, interviews, on-site observations, participant observation, and physical 
artifacts. In this investigation, in-depth interviews, analysis of archival records including 
reports, written documentation, artifacts, and direct observations were employed as the major 
data gathering tools. Each data-gathering tool will be detailed later in this chapter. An 
important feature of qualitative research is verification of data collected. In the section that 
follows, techniques for verifying this qualitative study are outlined. 
Techniques for Verifying Qualitative Research 
Verification of quantitative methodology comes from validity and reliability 
constructs. However, judging the merits or the verification of qualitative research is 
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primarily through (1) trustworthiness and (2) authenticity (Lincoln & Guba, 1994). 
(1) Trustworthiness of procedure 
Trustworthiness is defined as the methods used to establish credibility of the results 
generated and negates charges of sloppy research and subjective observations (Erlandson et 
al. 1993). Many researchers postulate that trustworthiness in qualitative research is 
developed through several techniques and iterations over time (Fetterman, 1989; Fraenkel & 
Wallen, 1993). Trustworthiness is deemed an important concern to consumers of qualitative 
reports. Qualitative studies conducted accurately are worthy of the confidence of readers. 
Effective ways of generating confidence in the minds of readers of qualitative inquiry is to 
"establish credibility, transferability, dependability, and conformability" (Lincoln & Guba, 
1985, p. 328). For example, one way of obtaining credibility for this study was using several 
data sources for triangulation. In the following section, trustworthiness is operationalized 
through (a) prolonged engagement in the field, (b) member checking, (c) triangulating, (d) 
peer debriefing, and (e) audit trail—all of which added rigor and value to the study (Lincoln 
& Guba, 1994). 
Prolonged engagement 
Prolonged engagement was accomplished through spending quality time in the field. 
In this way, the researcher communicated with participants and became conversant with 
written documents to be analyzed. Prolonged engagement in the field leads to reduced 
distortion of the findings. Furthermore, the researcher is a student at ISU, currently works as 
an evaluator of the University of Florida's PT3 project mirroring ISU's TechCo project, and 
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has knowledge about the object of the research and the organizational culture. According to 
Erlandson et al. (1993) 
Prolonged engagement provides a foundation for credibility by enabling the 
researcher to learn the culture of an organization or other social setting over an 
extended time period that tempers distortions introduced by particular events or by 
the newness of researchers and respondents to each other's presence, (p. 133) 
Member checking 
"Member checking provides for credibility by allowing members of stake holding 
groups to test categories, interpretations, and conclusions" (Erlandson et al., 1993, p. 142). 
In this study, member checking was facilitated firstly, having participants react to a 
comprehensive summary of the study findings. Participants were given the option of 
providing additional insights, correct, clarify, and verify the accuracy of major themes 
collated from the transcribed interview. Secondly, each participant was asked to respond to 
his/her quote the researcher selected to incorporate in the final report. Suggested changes 
and or modifications were incorporated in the final report (see Appendix D for member 
checking document). 
Triangulation 
In an attempt to add to the richness of this study, data were collected from multiple 
sources using multiple methods, as well as using two theoretical frameworks for data analysis 
to triangulate the data. Data also were compared and contrasted with the literature to draw 
relevant conclusions and to show convergence or divergence of views. Erlandson et al. 
(1993) posits 
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The greater the convergence attained through the triangulation of multiple data 
sources, methods, investigations, or theories, the greater the confidence in the 
observed findings. The convergence obtained in this manner, however, never results 
in data reduction but in an expansion of meaning through overlapping . .. emanating 
from different vantage points, (p. 139) 
Indeed, using multiple data sources and theories enabled the researcher to generate 
confidence in the findings. 
Peer debriefing 
One peer debriefer who worked briefly with the TechCo project was the 'sounding 
board' for the researcher as they discuss the research findings (Lincoln & Guba, 1985). Peer 
debriefers help build credibility "by allowing a peer ... outside the context and who has 
some general understanding of the study to analyze materials, test working hypothesis and 
emergent designs, and listen to the researcher's ideas and concerns (Erlandson et al., 1993, p. 
140). Peer debriefing leads to a clearer understanding of sustaining technology innovations 
in teacher education. 
Audit trail 
According to Lincoln and Guba (1994), an audit trail helps establish dependability 
and confirmability of the research process. Erlandson et al. (1993) suggest that the audit trail 
allows an auditor to trace the data presented and any conclusion derived from various 
sources. For the purpose of the study, the audit trail was carried out in two steps. First, the 
researcher kept a field log of activities. Second, during data collection, the researcher kept a 
methodical field log to chronicle the activities in the field. Field notes were obtained from 
interviews, observations, and document analysis. Other activities in the audit trail included 
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keeping written records of interviews and keeping track of all e-mail communication with 
participants and peer debriefer. 
In summary, trustworthiness of procedures was ensured in this study through 
prolonged engagement, member checking, peer debriefing, triangulation, and audit trail. 
Effective ways of generating confidence through the establishment of credibility, 
transferability, dependability, and conformability of the data postulated by Lincoln and Guba 
(1985) are summarized on Table 3.1. The summary will be followed by an account of how 
authenticity of the research process was accomplished. 
Table 3.1. Summary: Generating confidence in qualitative data 
Criterion Procedures for accomplishment 
Credibility Multiple activities in the field 
Triangulation of data sources 
Member checking 
Transferability Through purposeful thick description 
Providing the data that makes judgments useful in other settings 
Confirmability The audit trail—keeping track of all records 
Collecting information in accordance with auditing requirements 
Dependability Reporting data fairly; Authenticity of data; negative cases and fair dealings 
(2) Authenticity 
In naturalistic inquiry, authenticity embodies the multiple realities of different 
individuals represented in the development of a case study. The criteria used for establishing 
authenticity below are drawn from the work of Denzin and Lincoln (1998). 
• Fairness: The degree to which the research fairly represents different viewpoints 
from the social setting under research. In this study, the multiple views of 
participants were accurately represented. 
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• Ontological authenticity: The degree to which the research helps members of a 
social setting to better understand their own environment (enlarge personal 
constructions). The final product of this research was written so readers can have 
a better understanding of their unique role(s) in a given context. 
• Educative authenticity: The degree to which the research helps members to 
understand the perspectives of other members (leading to improved understanding 
of the perspectives of others). With the representation of multiple voices in the 
final report, readers will develop a clear understanding of the constructs and 
views of multiple participants. 
• Catalytic authenticity: The degree to which the research acts as an impetus for 
social action (stimulates to action). In this regard, consumers of this research will 
develop a clear view of how technology innovations can be sustained in teacher 
education with a focus on simultaneous renewal. They will take action in their 
context to generate or enhance the strategies for sustainability, recognizing the 
influence of multiple entities at work, interacting with each other (Davis, Kemis, 
& Johnson, 2003). 
• Tactical authenticity. Empowers action. The changes readers of this research may 
choose to implement will verify tactical authenticity that will become evident in 
their actions taken. The approach adopted towards actions taken will differ from 
person-to-person and institution-to-institution, based on the needs and context. 
Actions may be taken at specific college levels within the university, K-12 
partnering schools, Apple Computer Inc., and the AEA. Based on this research, 
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the actions taken lead to simultaneous renewal in all the locations impacting 
teacher education (Davis, Kemis, & Johnson, 2003). 
A detailed look at site and sample selection is important at this juncture. 
Site and Sample Selection 
According to Marshall and Rossman (1995), the ideal site is where (1) entry is 
possible, (2) there is a high probability that a rich mix of the processes, people, programs, 
interactions, and structures of interest are present, (3) the researcher is likely to be able to 
build trusting relations with the participants in the study, and (4) data quality and credibility 
of the study are reasonably assured. In agreement with the site considerations, ISU having a 
TEP that received PT3 implementation grant was ideal. 
First, entry was possible because the researcher is also a student who has worked 
closely with members of TechCo's evaluation team and as an external evaluator for UF's 
PT3 project. Second, a variety and rich mix of processes and people supporting teacher 
education were present. Third, the researcher established a trusting relationship in the TEP 
with several key stakeholders. Finally, the quality of data and its credibility were assured in 
the past and current research being conducted in the TEP. Therefore, the final selection 
made was effective in that ISU has an award-winning TEP with several successful models of 
technology innovations in place. As a member of the community, the researcher was aware 
that the TechCo initiative was a model example of simultaneous renewal partnerships among 
ISU's COE, ENGR, K-12 schools, the local AEA and Apple Computer Inc., (Schmidt, 
Thompson, & Michelini, 2001). Together, these factors fit the criteria for site selection. 
As a student and researcher at ISU, the need to highlight the best practices in the field 
of technology and teacher education was important. Access, as well as a trusting relationship 
with some participants had developed over the years. In addition, the researcher's prior 
knowledge of the rich mix of the processes, people, and programs at the site helped to 
support data quality and add credibility to the study. Methodological rigor was achieved 
because depth rather than breadth was sought in this study. The promise of qualitative 
research is realized when there is "depth rather than breadth" (Wolcott, 1990). The sample 
chosen furnished the depth required for this research. 
Sample 
The sample for this study comprised 13 participants; one department chair from the 
COE, TechCo's project leader, TechCo's Co-PIs, one faculty from the ENGR college, three 
elementary school principals, two educational technology consultants from the AEA, Apple 
business executive from Apple Computer Inc., and leaders who worked with ISU's TechCo 
project. The department chair was selected as part of the sample because of the unique 
leadership role he played in the TEP as a tightly coupled academic unit (Weick, 1976), as 
elaborated on in Chapter 2. It is natural that Co-PIs were chosen because they have direct 
contact with and they were most knowledgeable about the grant activities in place to sustain 
technology innovations. In addition, principals in partnering elementary schools were 
interviewed. In fact, simultaneous renewal needs to take place in the schools where pre-
service teachers conduct their field-experience and this experience takes effect, due in part to 
"supportive actively engaged principals" (Lieblich, 1993, p. 7). Deal and Peterson (1990) 
further notes that as part of any school reform initiative, the principal is a prominent part of 
the success of that initiative. 
In addition, the Apple technology executive working with elementary and IHES were 
important because Apple Computer Inc., provided most of the physical technology resources 
for the successful implementation of technology in all locations supporting teacher education. 
Finally, technology consultants at the AEA directly involved with TechCo were also 
interviewed. This group provided professional development activities in elementary schools. 
From the outset, the AEA was one of the partners of this PT3 project. The role of AEAs in 
the state of Iowa is vital to educational reform initiatives in teacher education. The mission 
of the AEA is to improve education by supporting all learners through their client-focused 
services, partnerships, and leadership (Schmidt, Thompson, & Michelini, 2001). Views 
expressed by the chair, project leaders, principals, Apple business partner and AEA leaders 
served to triangulate the data. The final sample size of 13 participants was obtained (see 
Appendix E for a copy of the letter of invitation and consent form). 
Sample size. There is no required sample size when conducting qualitative research 
in keeping with Patton's (1990) views that "sample size depends on what you want to know, 
the purpose of the inquiry, what is at stake, what will be useful, what will have credibility, 
and what can be done with available time and resources" (p. 184). In addition, Guba and 
Lincoln (1994) emphasized that sample size need not be limited by numerical boundaries 
(which can be the case in quantitative methodology), but rather by redundancy—i.e., when 
themes and concepts are exhausted and there is constant repetition during interviews, then 
such redundancies would be an indication that the appropriate sample size has been reached. 
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Prior to the pilot testing Human Subjects approval was received. 
Human Subjects procedure. As a requirement by ISU, the researcher gained 
approval from the Human Subjects Review Board before pilot testing and data collection (see 
Appendix F for Human Subjects approval). The Human Subjects Review Board at ISU 
reviewed the pilot study proposal and assessed whether or not the pilot study could be carried 
out as outlined. After pilot testing, a second Human Subjects clearance was received to 
collect data for the main case study. 
Pilot study. Following Human Subjects clearance, the pilot study was conducted at 
UFs Teacher Education Program. This pilot study site was deemed suitable because UF (1) 
is a peer land-grant institution, (2) received PT3 implementation grant, (3) project leaders 
worked closely with the researcher allowing for access, but did not contaminate the main 
case (4) project leaders were also willing to accommodate the researcher in collecting data 
based on prior personal contacts, and (5) there was mutual benefit to both institutions. For 
the pilot study, two department chairs, one project leader, one principal, and one technology 
coordinator were interviewed separately. 
Four telephone interviews and one face-to-face interview were conducted. The 
interviews were all audio-taped and lasted for an average of 48 minutes. Research on 
conducting pilot studies suggests that there are benefits as well as limitations. Benefits pilot 
studies can provide include (1) identifying potential practical problems in following the 
research procedure, (2) improving the validity of the study, (3) giving advance warning about 
where the main research project could fail, (4) indicating where research protocols may not 
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be followed and (5) identifying whether proposed methods or instruments are inappropriate 
or too complicated (van Teijlingen & Hundley, 2003). In the words of De Vaus (1993, p. 54) 
as cited in van Teijlingen and Hundley (2003) "Do not take the risk .... Pilot test first" 
(p. 2). Limitations indicated in the literature regarding pilot testing include (1) the possibility 
of making inaccurate predictions or assumptions on the basis of pilot data; (2) including pilot 
data in the main results without alerting readers, and (3) problems related to funding. 
Qualitative researcher Holloway (1997) argues that pilot studies are not necessary in 
qualitative research. Frankland and Bloor (1999) refute Holloway's argument, suggesting 
that piloting qualitative approaches provides the researcher with a clear definition of the 
focus for the study that can help the researcher funnel the data collected on a focused 
spectrum of projected relevant topics. Furthermore, Frankland and Bloor (1999) suggest that 
pilot testing also can improve the confidence of novice researchers, especially when using 
interviewing as the data collection technique. 
Based on the nature of this case study, it is important to conduct a pilot study for three 
primary reasons. First, in order to improve the validity of the study whereby potential 
practical problems in the research procedure could be identified and corrected prior to data 
collection for the main study; second, to test if the proposed methods and interview protocols 
are appropriate for the sample chosen hence, providing conceptual and methodological 
clarification regarding the research design as postulated by Yin (1984); and third, to uncover 
any local politics or problems that may affect the research process (van Teijlingen & 
Hundley, 2003). After analyzing the pilot study data, the interview protocol was adapted to 
reflect lessons learned during pilot testing before collecting data for the main study. 
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Entry for the pilot study was negotiated with one of the Co-PIs at UF. The pilot study 
proved to be extremely beneficial in this study, specifically in the areas of participant 
selection, the interview protocol, and length of interview. In addition, the pilot study 
provided the trial opportunity for the researcher to gain confidence and make "logical data 
connections and inferences in compiling the results of the study and in formulating 
conclusions based on those results" (Nelson, 2002, p. 100). 
As a means of informing and refining the research design three, important issues 
emerged as a result of pilot testing. First, four of the five participants articulated a strong 
need for confidentiality of their responses. During three interviews, participants requested 
that the tape recorder be shut off as they commented. The researcher respected these 
requests. Second, three participants displayed some degree of anxiety when asked about their 
specific legacy to the PT3 project they participated in. This question required them to reflect 
on themselves and make a subjective judgment as to their specific contribution to sustaining 
technology innovations in their locations. In the main case, the researcher rephrased this 
question. Finally, the pilot study revealed eleven ambiguous and/or repetitive questions. For 
the final interview protocol such questions were culled, reducing the protocol to 23 questions 
presented in four sections. 
In summary, the well-designed and well-conducted pilot studies informed the 
research process and indicated likely outcomes. Even though conducting a pilot study does 
not guarantee success in the main study, the pilot study increased the opportunity for the 
main case to be improved (van Teijlingen & Hundley, 2003). The pilot study provided the 
researcher with important lessons learned for improving the research design, procedures for 
data collection, and the interview protocol. 
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Development of the Interview Protocol 
The interview protocols developed were related to each of the deductive themes: 
strategies for sustainability, challenges, and leadership addressed in the literature review and 
guided by the theoretical frameworks, R'DIT and ATF (see Appendix G for a copy of the 
general interview protocol). No single source of inspiration or measure was used when 
developing the interview protocol (Patton, 1990). The literature addressing sustainability 
was reviewed to identify relevant themes and questions. Some items for the interview 
protocol were drawn from previous research. A competent statistician from the Research 
Institute for Studies in Education (RISE) at Iowa State University assessed and made 
recommendations for improving the interview protocols as well. 
Item development 
In an attempt to obtain a complete picture of the strategies, challenges, and leadership 
requirements for sustaining technology innovations in teacher education, three types of 
questions were developed: "essential, extra or throw away, and probing questions"— 
identified by Berg (1998, p. 65). Essential questions were concerned with obtaining specific 
information and were geared at addressing the central focus of the study. Essential questions 
are most effective when scattered throughout the instrument (Berg, 1998). Extra questions 
are merely rewording of essential questions. This approach was used to check reliability and 
accuracy of responses as well as identify the possible influence change of wording had on 
participants' responses. Extra questions were general or demographic in nature. They were 
used to establish rapport (break the ice) with the interviewee(s) Berg (1998). The third type 
of question Berg (1998) identified was probing questions. As the name suggests, probing 
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questions were geared at getting the full meaning(s) of a phenomenon. Probing required 
elaboration or follow-up responses to question(s) asked. Berg (1998) argues for probing 
questions to be neutral and consistent with the purpose of gaining additional information on 
the topic being explored. 
Arranging the interview protocol into four main sections was vital to generating 
answers to the research questions guiding the study. Section one had introductory items. In 
section two the focus was on strategies for sustaining technology innovations. The third 
section addressed challenges, and section four focused on leadership. Each item in each 
section was linked to specific elements of R'DIT and the basic structure of an activity 
illuminated in ATF and shown in Appendix G. 
Section 1: Introductory items 
These questions were developed to give the researcher some background and 
demographic information on participants regarding institutional affiliation, years in the 
institution, roles/responsibilities with the project, number of years engaged with teacher 
education, and TechCo project. Three introductory questions were asked. These questions 
not only helped the researcher establish rapport with participants, but also provided useful 
demographic information for the research. 
Section 2: Strategies for sustainability 
Seven essential and probing questions were asked in this section geared at obtaining 
answers about the strategies employed to sustain technology innovations. Questions in this 
segment of the interview protocol addressed how participants define sustainability, reasons 
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for choosing specific strategies, and goals for sustainability. The researcher was interested in 
information regarding the projects designed to transform teaching and learning in the 
respective locations while paying attention to the tools, rules and customs, community, and 
division of labor featured in ATF. 
Section 3: Challenges 
In keeping with the purpose of this study, five essential and probing questions were 
used in this section. These questions were geared toward learning about the perceived and 
real challenges participants faced in trying to sustain technology innovations in their specific 
contexts. How challenges impact the outcome of renewal in ISU's TEP was important. 
Based on the literature reviewed, challenges identified included funding, policy changes, 
teacher turnover, and changes in leadership. Participants were asked to identify the 
challenges encountered in sustaining technology innovations, rather than the researcher 
suggesting the challenges found in the literature. A comparison was made to determine if the 
challenges participants outlined were similar to or different from the challenges identified in 
the literature. A discussion of the differences with regard to challenges is found in chapters 
four and five of this dissertation. 
Section 4: Leadership 
In this section, participants were asked eight questions regarding their views and 
understanding of the leadership, change, and the organizational culture that exist in their 
locations. Understanding the compatibility of the organizational culture with the values, 
goals, demands, patterns of communication, and networks developed and maintained with 
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regard to sustaining technology innovations was important in this study. Division of labor, 
community development, rules, as well as the tools utilized were prominent features of ATF 
in this section of the interview protocol. 
Data Collection Procedures, Strategies, and Instruments 
Data collection procedures 
Prior to conducting the in-depth interviews for the main case study, the following 
activities were carried out: 
1. Human Subject clearance from ISU's Human Subject Internal Review Board. 
2. Pilot testing of the interview protocol with participants from UF's TEP 
3. Inviting participants to be part of the main case. 
The letter inviting participants to become involved in the study included a short proposal of 
the researcher's intent, including a discussion of the (a) purpose of the study, (b) research 
questions, (c) data collection procedures (d) interview questions, (e) time line for the study, 
(g) confidentiality, (h) potential benefits of the study, and (i) consent form (see Appendix E). 
Upon receipt of the signed consent form, the researcher negotiated the date, place and time 
for the interview with each participant. All interviews were audio-taped and transcribed. 
After transcription, each participant was offered a copy of the transcribed notes for his/her 
archive. Participants were informed of the member checking procedure to be followed. In 
addition, they were offered a copy of the findings of the study following data analysis. 
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Strategies for collecting data 
Three primary strategies were used for collecting data for this study. The use of 
multiple strategies led to triangulation of data sources. The strategies were interviewing, 
direct observations, and document analysis. In the section that follows, each data collection 
strategy is presented. 
Interviews 
"Phenomenology is concerned with the lived experience ... uncovering the essences 
of a particular phenomenon" (Jones, 2002, p. 467). As a result, an in-depth semi-structured 
interview procedure guided by a list of questions designed to elicit specific information from 
respondents was used in this study (Merriam, 1988). Patton (1990) advances three major 
reasons for using in-depth semi-structured questions. (1) The same questions can be used in 
interviewing all participants, (2) variation among interview questions can be minimized 
where different participants must be interviewed, and (3) the interview will be focused so 
that time will be used carefully and effectively. Additionally, Patton further purports that 
open-ended questions can be useful in minimizing issues of legitimacy and credibility, 
because the same criteria are used for collecting data from all participants. The emergent 
nature of such an interview process allowed the interviewer to ask follow-up or probing 
questions. 
Interviews are important methods for collecting data used by qualitative researchers. 
Interviewing (i.e., the careful asking of relevant questions) is an effective way of checking 
accuracy and verifying or refuting the impression(s) gained through observation. Written 
with clarity for readers to refute arguments, Ellertson and Schuh (2002) suggest that 
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"interviews can be helpful for in-depth discussions with participants .. . given a small 
number of participants, individual interviews can be quite effective" (p. 2). In this study, 13 
participants were interviewed (N < 30), making interviewing a suitable means of obtaining 
needed information. Patton (1990) suggests: 
We interview people to find out from them those things we cannot readily observe. 
The issue is not whether observational data is more desirable, valid, or meaningful 
than a self-report data.... We cannot observe everything ... feelings, thoughts, and 
intent ions .  . .  behaviors  that  took place a t  some previous points  in  t ime . . .  or  
situations that preclude the presence of an observer. We cannot observe how people 
have organized the world and the meanings they attach to what goes on in the world. 
We have to ask people questions about these things, (p. 212) 
This researcher shares the views of Patton, because the intent of the interviews was to hear 
the thoughts and experiences of participants regarding sustainability of technology 
innovations in teacher education. Face-to-face interviewing and, in one instance, a telephone 
interview were used for collecting data. Face-to-face interviewing is advantageous to the 
naturalistic researcher because it allows for direct contact with respondents. This method 
gives the interviewer an opportunity to ask follow-up and probing questions for thick and 
rich descriptions of the phenomena under investigation (Fraenkel & Wallen, 1993). The 
phenomenon being investigated in this research is sustainability of technology innovations 
and thick rich description of the strategies, challenges, and leadership were important to the 
study. 
Fetterman (1989) describes the process of interviewing as "the most important data 
collection technique a qualitative researcher possesses" (p. 234). Therefore, it was important 
for this researcher to understand her biases as well as the role biases play when collecting and 
interpreting interview data. Biases are addressed under ethical considerations later in this 
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chapter. In addition to in-depth interviews, on-site observations were used for obtaining 
additional data resulting in triangulation. 
Observations 
Observation was important in collecting data for this study to help with triangulation 
of data sources as well as provide greater understanding of the case (Stake, 1995). Marshall 
and Rossman (1990) define observation as providing descriptive evidence of events, 
behaviors, artifacts, and social settings in an orderly and systematic manner. Earlandson et 
al. (1993) suggest that observations can vary from formal and highly focused to unstructured. 
Observations were recorded in both formal and informal settings throughout the data 
collection process by the researcher. Observational notes were taken during the interview of 
events, symbols, artifacts, language, and tools in a variety of settings. According to Stake 
(1995), the qualitative researcher "Keeps a good record of events to provide ... relatively 
uncontestable description for further analysis .. . and ultimate [for] reporting [purposes]" (p. 
62). The observations recorded were very useful as the researcher analyzed and presented 
the findings in this case. 
Examples of events observed as part of the data collection strategy were being a 
participant-observer at formal meetings addressing PT3 issues; attending social events geared 
at enhancing TechCo project at ISU; and visiting elementary schools. The researcher's 
behavior and participation were limited during two observation sessions with TechCo's 
partners. 
Yin (1984) suggests that prior arrangements be made regarding participation or non-
participation of the observer. For example, in February 2003, the researcher attended two 
ICN (Iowa Communications Network) meetings with the full complement of ISU's TechCo's 
university and consortia partners. The researcher's participation was limited in both 
meetings. She introduced herself, stated the purpose for attending the meeting, and took 
detailed notes during the meetings. No prior arrangements were made regarding her 
participation or non-participation. Questions that surfaced in the researcher's mind were 
recorded for clarification at a later date. The notes taken at this meeting plus minutes and 
memoranda written by project leaders were examined to supplement and triangulate the 
document and artifact analysis. 
Documents and artifacts analysis 
Document examination is the third data collection technique used in this study. 
Documents provide information "grounded in the context they represent" (Lincoln & Guba, 
1985, p. 277). Additionally, documents may reveal other pertinent questions and/or insights 
relevant to the study and which, by extension, can be used to help build inductive categories 
for data analysis (Merriam, 1988). 
Documents include anything in existence prior to and during investigation, including 
historical or journalistic accounts, works of art... meeting notes ... audio and video 
tapes, budgets ... notes from students, teachers, speeches, and other case studies 
(Erlandson et al., 1993, p. 99). 
There was an abundance of written documents and artifacts including interview data 
collected from college deans, project leaders, faculty, principals, and AEA leaders working 
with ISU's TEP, collected in the formative years of the TechCo project. A considerable 
amount of time was devoted to the detailed analysis of written documents and artifacts 
generated over the years (see Appendix H for details on documents analyzed). According to 
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Patton (1990), written documents serve two primary purposes (1) as a source of background 
information, and (2) to point the researcher to important questions. Documents were 
examined for background information regarding TechCo as well as to guide the researcher in 
determining the questions asked during the interviews. 
Another function of the document analysis was to help the researcher draw valid 
conclusions after comparing and contrasting archival information with the current 
information obtained from the interviews and direct observations. Stake (1995) advises that 
qualitative researchers utilizing document analysis use a similar criterion for analyzing 
documents as for observation or interviewing. He states "one needs to have one's mind 
organized, yet be open for unexpected clues" (p. 68). Documents reviewed systematically 
for this dissertation included grant proposals (from ISU and UF), websites, photo archives, 
projects, presentations, publications, minutes from meetings, and yearly reports. An efficient 
and systematic data collection procedure positions the researcher to foster a credible and 
dependable strategy for data analysis. 
Data Analysis Strategy 
Qualitative data analysis entails "the process of bringing order, structure, and 
meaning to the mass of data collected" (Marshall & Rossman, 1995). There are no rules 
and/or formulas associated with the process of analyzing data. However, there are guidelines 
to help researchers succeed in this process (Miles & Huberman, 1994; Patton, 1990). In the 
discussion on guidelines for data analysis procedure, Erlandson et al. (1993) suggest three 
elements that can be useful in this process: (1) unitizing data, (b) emergent category 
designation, and (c) negative case analysis. Data analysis strategies for this study followed 
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the analytic procedures postulated by Marshall and Rossman (1995), in combination with the 
guidelines presented by Erlandson et al. (1993), shown in Figure 3.1. 
5. Writing the results of the report 
4. Searching for any alternative explanations of data 
3. Testing the emergent hypothesis 
2. Categorizing data into themes and patterns using ATF and literature 
1. Organizing the large volume of data collected 
Figure 3.1. Steps in the analytical procedure for qualitative research 
Step 1: Organizing data. 
There was a large amount of interview data to collate. The researcher transcribed 
each audiotape shortly after each interview. According to Walcott (1990), recording notes 
and observations as quickly as possible after information is gathered is likely to be more 
accurate than waiting for time to elapse. This also enabled the researcher to get feedback and 
clarification from participants, especially in areas not fully understood during the interview 
session. In this regard, contradictions were spotted early, explored, and rectified, postulates 
(Walcott, 1990). 
Once transcription took place, analysis became important. Within case analysis, 
entailing the grouping of answers from different sources to common questions, or analyzing 
different perspectives on certain issues was utilized (Miles & Huberman, 1994). Because an 
open-ended interview schedule was used as one of the data collection instruments, analysis 
within case was appropriate. This procedure allowed for ease in reading and locating 
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information. Following this procedure, tables were generated to record the themes and 
establish patterns that emerged in the second step. 
Step 2: Themes and patterns 
Having organized the data, the researcher proceeded to "scan" (LeCompte & Preissle, 
1993, p. 120) the data to check for completeness, become reacquainted with the stories, and 
identify emergent themes. Simultaneously, the researcher and an independent coder coded 
the data. Constant references were made to ATF and R'DIT, the analytical frameworks of 
this study. For theme and pattern identification, the data were unitized by first being 
"disaggregated" so that information could "stand alone," according to Erlandson et al. (1993, 
p. 117). It was after these steps that the individual units became apparent as themes and 
patterns emerged setting the stage for analysis, synthesis, and testing of the emerging 
hypotheses. 
Step 3: Testing emerging hypothesis 
During this activity the data were categorized and arranged so that it could be 
understood systematically. The hypotheses that emerged were then examined and tested 
through crosschecking the literature. Note taking was part of this process for use in the final 
case analysis, as encouraged by LeCompte and Preissle (1993). Taking notes during this 
process also led to converging of data as postulated by Guba and Lincoln (1994). This 
means that the researcher determined where the data units fit in the overall framework. 
Following this step and for trustworthiness of procedures, this process was replicated as 
coding continued. 
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A second coder (peer reviewer) was employed to read the transcribed notes and 
recode the data. The coder worked independently of the researcher and entered themes 
generated in tables. Following independent coding, the researcher and the coder met to 
discuss the themes identified. Themes uncommon to both researcher and coder were 
discussed and negotiated to strengthen the trustworthiness of the study. Testing of emerging 
hypothesis led to alternative explanations of the data. 
Step 4: Alternative explanations 
During this step, the researcher analyzed the data and checked results with the 
analytical frameworks. Alternative explanations of the data were sought, especially in areas 
where the data did not converge with the literature. The initial interpretations were presented 
to participants for member checking and clarification. Participants checked, clarified any 
misconceptions, and provided alternative explanations where necessary. Feedback from 
participants was crucial at this stage. Also, in this step, attention was paid to negative cases 
that emerged and they are included in the final report. Paying attention to negative case adds 
to the trustworthiness and authenticity of the study as "thick and rich description" of the case 
was presented as part of the final report Denzin (1979) as cited in Stake (1995, p. 67). 
Step 5: Writing the results of the report 
Culminating tasks in qualitative inquiry were analysis, interpretation, generation and 
presentation of findings. Patton (1990) suggests that before findings are presented, the 
researcher needs to (a) gather a comprehensive, in-depth, and systematic body of 
information, (b) focus on a truly descriptive analysis separating description from 
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interpretation, and (c) pull together or organize the data into a readable and understandable 
whole. This contributes to a rigorous research process. In achieving these tasks, the 
researcher revisited the purpose of the research to ensure that the goal of the study was still 
clear. The final report addressed the purpose of the study and answered the research 
questions. 
Thick rich description of the case was evident in the final report as a full description 
of sustainability in teacher education is presented. Direct quotes that enhanced the thick and 
rich description were taken from selected participants and included in the findings. Having 
identified relevant quotes, the researcher e-mailed each participant his/her quotations asking 
him/her to read the quote and make any adjustment before the quote was included in the final 
report. Using participant's direct quotes allowed the voices of participants to be heard 
throughout the report (Ellertson & Schuh, 2001). To these voices the researcher added a 
critical analysis, based on the literature addressing the phenomenon of sustainability. 
According to Denzin (1979), a thick description is more than recording just what is seen or 
heard. It involves the ethical consideration by presenting truthful, trustworthy, and authentic 
data in context with the accompanying emotions and feelings captured by the observer. 
Ethical Considerations 
Qualitative researchers are bound to both ethical and political considerations as they 
strive to balance collecting data with integrity, focusing on the rights of participants as well 
as their own rights (Magolda & Weems, 2002). There were four primary ethical 
considerations envisioned for this study, (1) acknowledging and documenting biases, (2) 
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confidentiality, (3) respect for participants time, and (4) honesty and sensitivity to 
participants. 
Acknowledging and documenting biases 
From the outset, the researcher acknowledged her biases. This researcher had the 
triple role of student, evaluator, and researcher at ISU where the case study was carried out. 
According to (Yin, 1984), it is inevitable there will be some degree of researcher bias in 
conducting qualitative research. Four primary steps were used in reducing this researcher's 
biases. 
• Being open to and reporting contrary findings (negative case), 
• Refusing to impose preconceived ideas on the data, 
• Using biases as a resource, and 
• Maintaining a research journal for documenting the research process. 
According to Denzin and Lincoln (1998), researcher biasness can be a resource. A 
flexible researcher "can evoke these resources to guide data gathering and creating 
understanding ... interpretations and behavior in the research" (p. 314). In other words, the 
researcher will reflect on and uncover the deep-seated biases, identify them, and use them as 
resources in order to better understand and interpret the phenomena being studied. 
Confidentiality 
Respect was paid to the privacy and confidentiality of information from each 
participant interviewed in the following ways. 
• Obtained written informed consent from each participant before proceeding with 
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interviews. 
• Gave participants the option to delete any information they may have given 
during the interview as part of the member checking process. 
• Did not share the interview transcripts with anyone other than each participant 
and the independent coder. 
• Established confidentiality whereby names and other identifying 
marks were not evident in the final report. A pseudonym was assigned to each 
participant to protect participants' identities (Magolda & Weems, 2002). 
Showing respect for participants' time 
Participants' time was respected as the researcher kept the interview within the stated 
time frame, because "the researcher must cater to the interviewee's schedule and availability" 
(Yin, 1984, p. 69). Conversely, in five interviews, participants indicated the need to extend 
the time for the interview. The researcher accommodated this request. 
Honesty and sensitivity to participants 
Clarity, transparency, honesty, and sensitivity were characteristics displayed by the 
researcher. Leading scholars, Guba and Lincoln (1994) suggest 
If evaluators [researchers] cannot be clear, direct, and undeceptive regarding their 
wish to know how stakeholders make sense of their contexts, then stakeholders will 
be unclear, indirect, and probably misleading regarding how they do engage in sense-
making and what their basic values are. Thus deception is not only counter to the 
posture of a constructivist evaluator, in that it destroys dignity, respect, and agency, 
but it is also counterproductive to the major goals .... Deception is destructive to the 
effort of ultimate intent (p. 122), as cited in Denzin and Lincoln (1998). 
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Participants were not deceived or coerced into giving any information for this study. Rather, 
participants were respected leading to no potential harm. Finally, the researcher 
demonstrated sensitivity toward the rights and responsibilities of participants by presenting 
the data truthfully. Simultaneously, effective strategies were devised to "sanitize findings to 
soften any potential harm to respondents" (Magolda & Weems, 2002, p. 505). For example, 
paraphrasing rather than presenting a direct quote that could be misinterpreted. 
Summary of Methodology 
The researcher explored the strategies, challenges, and leadership requirements for 
sustaining technology innovations in teacher education. In this chapter, the researcher posits 
that close attention be paid to the research methodology and research design—particularly to 
the complex dynamics inevitable in conducting qualitative research. Special attention was 
paid to the interpretive research paradigm complementing the phenomenological approach to 
this study. Case study design was selected as the research design to explore sustainability of 
technology innovations in teacher education. 
Furthermore, attention was paid to trustworthiness of procedure, site and participant 
selection, development of the interview protocol, data collection, and data analysis strategies, 
as well as ethical considerations needed for this study. In qualitative research, "the 
researcher is an instrument" (Jones, 2002, p. 472) requiring that assumptions, beliefs, and 
biases are disclosed. By following the procedure, developing the instruments, and 
completing the analysis as outlined in this chapter, the researcher explored the strategies, 
challenges, and leadership requirements for sustaining technology innovations in teacher 
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education, placing emphasis on ISU's TechCo project. The results of this investigation are 
presented in Chapter 4. 
In Chapter 4, results are presented in relation to answering the three research 
questions that guided this study. To present an accurate, unbiased, descriptive account of the 
participants' experiences, the voices of respondents are evident through direct quotes. As a 
result, readers get a sense of the shades and textures of the experiences of participants 
through their voices (Stake, 1995; Wolcott, 1990). 
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CHAPTER 4. PRESENTING THE CASE AND RESULTS 
The Story of Sustaining Technology Innovations in an Exemplary Teacher Education 
Program 
Introduction 
The purpose of this study was to explore the strategies, challenges, and leadership 
requirements for sustaining technology innovations in teacher education. This chapter 
describes the case of sustaining technology innovations in ISU's award-winning TEP. There 
are several activities and participants who were integral to creating the textured story for 
understanding this case. Therefore, this chapter is arranged in three primary sections. 
In section one, a detailed characterization of ISU's TEP is furnished. The purpose of 
this characterization is to provide the broad context in which ISU's teacher education is 
situated. Section two provides a general overview including the background and origins of 
TechCo, ISU's PT3 initiative. In this overview, each constituency supporting teacher 
education is presented in relation to the division of labor in ATF—the primary framework in 
this study. Finally, in section three, the results of the study are presented in relationship to 
the three research questions posed. Answers to the research questions are followed by a 
summary of the chapter. 
Section 1: Characterizing Iowa State University's Teacher Education Program 
Iowa State University of Science and Technology (ISU) is located in the heart of 
Iowa, a mid-western agricultural state. It is a land grant Doctoral/Research-Extensive 
institution (The Carnegie Classification, 2002) "serving the people of Iowa, the nation, and 
the world through its interrelated programs of instruction, research, extension, and 
professional service" (ISU Fact Book, 2002-2003, p. 2). As a result, there is a strong 
commitment to teaching and research at the undergraduate and graduate levels. There is one 
main campus with an enrollment in fall 2003 of 27,380 students. There are eight colleges in 
the university, with the College of Education (COE) being the 5 th largest, having an 
enrollment of 1,948 students in fall 2003 (ISU Fact Book, 2002-2003). The department of 
Curriculum and Instruction (C&I) in the COE houses the award-winning TEP—the focus of 
this research. 
ISU's award-winning TEP seeks to provide each student with a sound general 
education and preparation in an area of specialization using technology applications (ISU's 
Admission to the Teacher Education Program Web site, 2004). Pre-service teachers receive 
training in pedagogy applicable to student growth and development. There are 29 full-time 
tenure track and 16 faculty members on joint appointment from other colleges outside of the 
COE (Thompson & Schmidt, 2002). Having assessed its capacity to adequately prepare 
tomorrow's teachers to use technology in the 21st century, a primary focus of ISU's TEP is to 
graduate teachers proficient in using technology. Therefore, major inroads have been made 
to diffuse technology throughout the pre-service curriculum (ISU Fact Book, 2002-2003). 
For example, in 1990, an exemplary faculty-mentoring program was developed as a 
successful professional development strategy in response to the needs of faculty members to 
learn to integrate technology seamlessly in the pre-service teacher curriculum. To date 28 of 
the 29 full-time faculty (98%) participated in this reciprocal mentoring opportunity 
(Thompson & Schmidt, 2002). In 1999, the national Chief Executive Officers (CEO) Forum 
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on Education and Technology cited ISU's faculty-mentoring initiative as a "model program 
for the use of technology in education" (CEO Forum Report, 1999, p. 2). In fall 1999, PT3 
grant, (discussed in Chapter 1), in the amount of $1.4M was secured to intensify the 
preparation of pre-service teachers to use technology. 
With the focus of developing innovative approaches for technology integration in the 
pre-service curriculum in 2000, ISU's TEP received the "Best Practices Award for 
Innovative Use of Technology" from the American Association of Colleges for Teacher 
Education (AACTE, 2002). As noted by the AACTE, "This award recognizes a school, 
college or department of education (SCDE) that models the innovative use of technology" 
(AACE Best Practices Award, 2000, p. 1). The innovative uses of technology in the 
curriculum of future teachers are discussed in subsequent sections of this chapter. For 
clarity, innovations will be discussed in three primary phases. As shown in Figure 4.1, phase 
1, comprise innovations before PT3 grant acquisition; phase 2, PT3 grant acquisition; and 














Figure 4.1. Generalized overview of the timeline for technology innovations in ISU's TEP 
Figure 4.1 shows a timeline of the technology innovations that characterizes ISU's 
TEP. Details of the technology innovations are not provided at this juncture because each 
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phase with its corresponding (technology) innovations is elaborated on further in this chapter. 
The successful innovations developed prior to grant acquisition were fundamental for 
anchoring additional activities (strategies) to renew teacher education. 
Technology innovations prior to PT3 grant acquisition 
Document analysis (see Appendix H) revealed that for more than a decade, there was 
an intense focus on technology use and integration for faculty and students in ISU's TEP. 
There were several technology integration initiatives designed to improve faculty 
development, content-specific and teacher education courses, field experiences for pre-
service teachers, and extracurricular activities for teacher education students and general 
support services. Table 4.1 provides a summary of the strategies for technology integration 
in ISU's TEP, prior to PT3 funding. 
Table 4.1 shows five major initiatives that were underway in the TEP prior to 
receiving PT3 funding. These included faculty development initiatives, course redesign, 
field experience, extra curricular, and support service activities in place. These activities 
formed the base on which other technology initiatives were developed and/or strengthened 
with PT3 funding. In fact, the injection of PT3 funds built on, seeded, and improved 
technology initiatives that were already in place. 
The C&I department identified, designed, and implemented technology experiences 
that enhanced teacher education at all levels and in all constituencies supporting teacher 
education (Schmidt, Thompson, & Michelini, 2002). Table 4.2 presents the technology 
initiatives in phase 2 that were strengthened or created as a result of PT3 funding. 
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Table 4.1. Phase 1—Technology innovations prior to PT3 funding 
1. Faculty development 
• Technology reciprocal mentoring program (one-on-one consultant) developed in 1991 
• Workshops and seminars 
2. Course and curriculum design 
• Minor in educational computing (1984) 
• CI 610 faculty mentoring class (1991) 
• Selected faculty modeling effective use of technology in their classes, e.g., Toying with 
Technology (TWT) class (1996) 
• Videos in technology integration ( 1997) 
3. Field experiences 
• Students spending time in the schools where they student teach using technology in a limited 
manner 
4. Extra curricular activities 
• Undergraduate educational computing technology club (TECC) developed (1996) 
5. Support services 
• Center for Technology, Learning, and Teaching (CTLT) developed (1989) 
Source: Schmidt, Thompson, and Michelini (2001) 
Table 4.2 shows many technology innovations that were further developed with PT3 
funding in TechCo. According to Davis (2003), through PT3 funding TechCo project 
"increased Information and Communications Technology (ICT) [technology] use throughout 
the courses in the program, introducing [technology] in the context and content courses and 
innovative practice in... [elementary] schools" (p. 68). The PT3 funding effected changes 
in ISU's TEP as well as in elementary schools where pre-service teachers conduct 
technology-rich field experiences, through the process of simultaneous renewal. 
Many of the activities and technology innovations were developed and shared among 
and between constituencies supporting teacher education. In phase 3 (post PT3 funding), 
many of the technology innovations remained intact, possibly because grant monies expired 
less than six-months prior to conducting this study, see Table 4.3. 
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Table 4.2. Phase 2—Technology innovations with PT3 funding (TechCo) 
At ISU 
1. Support services 
• TechCo project with a physical office space and a full-time coordinator 
• More collaborators and technology resources in the (CTLT) 
• Master teachers working with schools 
• Upgrades for faculty computers 
• Upgrading of classrooms to become technology-friendly 
• Apple computer executive working closely with co-principal investigators 
2. Faculty development 
• Technology reciprocal mentoring program (one-on-one consultant) 
• Workshops and seminars for specific technology applications e.g. hand-held devices 
• Technology scholars 
3. Course and curriculum design 
• TechCo cohort of students using laptops and wireless access to the Internet 
• CI 610 faculty mentoring component 
• In-depth preparation for a minor in educational computing 
• Wide range of content specific faculty modeling effective use of technology in classes—video 
cases, web page development 
• Wide range of (content-specific) faculty integrating technology in classes. For example, 
developing video cases, web pages, etc. 
• Toying with Technology (TWT) class for education majors 
• Toying with Technology (TWT) class offered in the summer to in-service teachers 
4. Field experiences 
• Pre-service teachers spending more time (both quality and quantity) in elementary schools, 
integrating technology in the elementary curriculum. Pre-service teachers working with up to 
nine different teachers at different grade levels for the duration of the field experience 
• In-service teachers working closely with pre-service teachers 
5. Extra curricular activities 
• Undergraduate students' educational technology club (TECC) 
• Graduate students' technology club (The Early Adopters TEA) 
In elementary schools 
1. AEA Consultants working with in-service and pre-service teachers as well as with university partners 
2. In-service teachers trained to use technology through workshops and one-on-one consultancy 
3. Substitute teachers in classrooms 
4. Access to technology resources by teachers and students 
Sources: Schmidt, Thompson, and Michelini (2002); TechCo's Final Report (2004) 
However, there was evidence of some innovations that were discontinued. Table 4.3 
provided a listing of the activities that were sustained up to the point of this study. As shown 
in Table 4.3, to date, the majority of technology innovations that were in phase 2 remained 
intact. PT3 funding allowed activities to continue in the teacher education program as well 
as elementary schools in keeping with the simultaneous renewal focus. 
102 
Table 4.3: Phase 3—Technology innovations sustained after PT3 funding expired 
At ISU 
1. Support services 
• TechCo project with a physical office space and a full-time coordinator 
• More collaborators and technology resources in the (CTLT) 
• Upgrades for faculty computers 
• Classrooms upgrade 
• Apple computer executive working closely with co-principal investigators 
2. Faculty development 
• Technology reciprocal mentoring program (one-on-one consultant) 
• Seminars 
• Technology scholars 
3. Course and curriculum design 
a. TechCo's second cohort of students using laptops and having wireless access to the 
Internet 
b. CI 610 faculty mentoring component 
c. In-depth preparation of students for a minor in educational computing 
d. Wide range of content-specific faculty continue to model effective uses of technology 
in classes—video cases, web page development 
e. Toying with Technology (TWT) class offered to education majors and to in-service 
teachers during the summer 
4. Field experiences 
a. Pre-service teachers spending more time (both quality and quantity) in schools 
b. In-service teachers working closely with pre-service teachers 
5. Extra curricular activities 
a. Undergraduate educational technology club (TECC) 
In elementary schools 
• AEA Consultants working with in-service, pre-service teachers, and university partners 
• In-service teachers being trained to use technology through workshops and one-on-one 
• consultancy 
• Access to technology resources by teachers and students 
Source: TechCo's Final Report (2004) 
The PT3 funding injected needed technology and human resources in the TEP in order to 
support teaching and learning activities for students choosing to major in (a) early childhood 
education (birth through third grade), (b) elementary education, Kindergarten through sixth-
grade (K-6) or (c) secondary education (grades 7-12). 
103 
Early childhood education 
The curriculum in Early Childhood Education (ECE) is planned for students 
preparing to teach young children and/or work with their families. ECE graduates teach in 
early childhood (preschool and primary) classrooms or home-based programs, with emphasis 
on inclusive services. The department of C&I in the COE and the department of Human 
Development and Family Studies (HDFS) in the College of Family and Consumer Sciences 
(CFCS) jointly administer the ECE program. With the skills ECE majors develop during 
their training, they are able to demonstrate a broad range of instructional strategies, including 
knowledge and use of technology applicable to instruction that support students and their 
learning (ISU's Admissions to Teacher Education Web site, 2004). In 2002 a total of 239 
ECE majors were prepared in the program. 
Elementary education 
Elementary education (El Ed) is designed for students preparing to teach at the 
kindergarten through sixth grade (K-6) elementary school level in either public or private 
school districts. All El Ed majors may obtain teaching endorsements in areas closely related 
to elementary education. These areas include (a) special education, (b) English/language 
arts, (c) basic science, (d) social studies, (e) mathematics, and (f) multi-categorical resource 
teaching. In addition, an endorsement for teaching foreign language in elementary schools is 
available through the department of Foreign Languages and Literatures (DFLL) in the COE 
(ISU's Teacher Education Handbook Web site, 2004). 
El Ed graduates demonstrate professional practice through their understanding of 
academic disciplines, pedagogy, the nature of students, and how to adapt instruction for 
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diverse groups of learners. Graduates also have a broad range of skills in instructional 
strategies, including knowledge of integrating applicable technology to instruction. In 2002 
there were 699 El Ed majors (excluding pre-business) enrolled—making it the 4th largest 
single major at ISU. 
Secondary education 
Students who are interested in teaching at the secondary level (grades 7-12) major in 
a specific subject discipline and complete the courses necessary for their secondary teaching 
license. There are 26 specific subject disciplines in which Secondary Education (Se Ed) 
majors can apply for licensure (see Appendix I for the requirements for areas of 
specialization in Se Ed and a complete listing of disciplines offered). Some of the areas 
pursued by Se Ed majors include agriculture, music, science, and mathematics education, 
among others. All Se Ed students who are recommended by ISU for secondary teacher 
licensure must meet the requirements of the TEP and be recommended by the COE. Also, 
each Se Ed specialist must meet the performance outcome standards for teacher licensure. In 
2002 there were over 450 Se Ed majors in the program. Each year the majority of Se Ed 
certified students graduating from the program find job placements in Iowa. However, some 
students choose to matriculate into graduate studies. 
Graduate studies 
The C&I department offers the Master of Science (MS), Master of Education (MA), 
and Doctor of Philosophy (PhD) degrees, with a major in education and a minor for students 
taking major work in other departments. Students may choose an area of specialization for 
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study. Available areas for specialization include curriculum and instructional technology 
(CIT), elementary education, and special education. 
Specialization in Curriculum and Instructional Technology (CIT) is designed to 
prepare students as researchers and practitioners in the fields of (CIT). Based on the need for 
more students to be prepared to be educational technologists, a new on-line Master of 
Education (MA) program will be available in Fall 2004, originating from the C&I 
department. Specialization in elementary education is designed to prepare candidates for 
teaching and curricular leadership positions in elementary settings. Finally, the special 
education specialization is designed to prepare candidates as practitioners and researchers in 
the field of mild disabilities. 
Graduate endorsement programs in learning disabilities, behavioral disorders, multi-
categorical education, special education consultant, K-12 school media specialist, and 
reading also are administered if students opt to select an area of specialization. Additional 
teaching endorsements are available at the graduate level to individuals who hold a valid 
Iowa teaching licensure for the areas K-6 foreign language, reading, and special education— 
including behavior disorders, learning disabilities, and multi-categorical resource. 
In summary, during the 2001-2002 academic year 1,483* teacher education students 
were enrolled in courses in C&I, including 359 who student taught. Pre-service teachers 
taught at sites on six different continents. Besides the United States, ISU student teachers 
practiced their teaching skills in countries such as Australia, Czech Republic, Italy, 
Singapore, South Africa, and Venezuela. Each student teacher completed 35-40 hours of 
1 This total does not include students in K-12 or secondary programs administered by colleges other than the College of Education (e.g., 
agricultural education, music education, biology education, and mathematics education) who have not yet been admitted to the Teacher 
Education Program. 
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supervised activities each week. Student teaching experiences for ECE and El Ed students 
lasted 16 weeks. Conversely, student teaching for Se Ed majors lasted 12 weeks. Fifty-two 
trained supervisors worked with student teachers at a ratio of 1 supervisor for every 6.7 
students (Iowa State University Title II Report, 2004). ISU's TEP is fully accredited by the 
Iowa Department of Education as well as the Teacher Education Accreditation Council 
(TEAC) (ISU Fact Book, 2003). Having characterized the TEP, attention will now be turned 
to section two, which provides a general overview, including background and origins of 
TechCo. 
Section 2: TechCo Project Overview 
Background of TechCo: Case hub 
TechCo Project the acronym for Technology Collaboratives was the name chosen for 
ISU's PT3 initiative. The TechCo project was developed in response to collaborative efforts 
to effect meaningful reform, simultaneously in K-12 schools and the Teacher Education 
Department at ISU. The appropriate theoretical framework that guided this reform initiative 
was John Goodlad's theory of simultaneous renewal. Based on Goodlad's theory of 
simultaneous renewal, sustainable changes regarding technology use must take place both in 
schools where future teachers conduct field experiences as well as in TEP (Goodlad, 1994). 
The constituencies making up TechCo included the COE, ENGR, AEA, elementary schools, 
and Apple Computer Inc., as the business partner (PT3 Grant Proposal, 1999). Together, this 
group of collaborators designed and implemented the TechCo project that focused on 
Creating a technology-infused teacher education program where cohorts of pre-
service teachers complete a program in which all levels and areas of the program 
from basic liberal arts courses to student teaching are rich in advanced technology, 
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appropriate models of technology use, and opportunities for students to use 
technology. At the same time working collaboratively with [partnering elementary] 
schools ... to create technology-rich environments in the schools. (ISU's TechCo's 
Web site, 2003) 
Grant monies helped provide a technology-rich teacher education department as well as 
technology-rich partnering elementary schools where pre-service teachers conducted their 
field experiences. Each constituency will be detailed later in this chapter. Due to the 
complexity and multiplicity of operations within TechCo, a physical space was devoted to 
daily project activities. In addition, a full-time project coordinator was employed to manage, 
coordinate, schedule, document, liaison, and evaluate activities among partners in all five 
constituencies. Therefore, TechCo as the unit of analysis for this study formed the hub 
where PT3 grant activities were anchored. 
TechCo's office space 
When one walked in the TechCo office, there was evidence that technology was used 
as a tool to facilitate renewal in teacher education. The walls were lined with pictures and 
posters of stakeholders from each constituency, actively engaged in various activities from 
workshops to one-on-one consultancy. It was from this office that activities pertinent to 
technology-rich field experiences for cohort students, master teachers, professional 
development, plus coordination with schools and the AEA took place. See Figure 4.2 
showing the activities pertinent to TechCo's operation. 
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TechCo's project design 
Figure 4.2 shows the design of TechCo project where PT3 grant activities were 
coordinated and disseminated. In supporting the goal of preparing future teachers to be 
proficient users of technology, five constituencies were involved in TechCo. 
Technology Collaboratives (TechCo) 
1. College of Education, Faculty and Administration 
2. College of Engineering, Toying with Technology Faculty 
3. K-12 Principals and Technology Coordinators 
4. Area Education Agency (AEA) Technology Consultants 























Teacher Dissemination Student Clubs 
New teachers 
prepared to use 
technology 
Figure 4.2. TechCo's Project Design (adapted from the Grant Proposal, 1999). 
(1) College of Education (COE)—Activities in the COE included equity team, 
master teacher; faculty teaching content specific and teacher education 
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courses, faculty researching and disseminating information regarding 
technology in teacher education. The COE also was home to two cohort 
groups of pre-service teachers, student technology clubs, and provided strong 
technology and administrative support. 
(2) College of Engineering (ENGR)—delivered the content-specific course 
"Toying with Technology" by an engineering faculty. 
(3) Four area elementary schools—where future teachers interned conducting 
student teaching activities. In this study, only three of the four schools that 
participated in TechCo's activities were included in this study. 
(4) Apple Business Partner—worked closely with the C&I department in the 
selection and provision of hardware and software, as well as provided 
workshops and demonstrations for appropriate integration of technology 
applications in the curriculum. 
(5) Heartland 11 Area educational Agency—provided educational technology 
consultant experts who worked closely with ISU faculty to design professional 
development activities for in-service teachers. 
In summary, the TechCo project was specifically designed to focus on the needs that 
had not been given devoted attention in the past, while preparing pre-service teachers at ISU. 
These needs included: (1) establishing more meaningful and professional connections 
between K-12 schools, the AEA, and the university; (2) creating technology-rich field 
experience sites for pre-service teachers; (3) designing and modeling active, learner-centered 
instructional approaches that involve technology in teacher education courses; (4) fostering 
stronger connections with other colleges to improve content preparation of pre-service 
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teachers; and (5) preparing pre-service teachers to become change agents and leaders in 
schools to address technology issues and practices (TechCo's Final Report, 2004). The roles 
played by participants in each constituency were important in this study and are addressed in 
the next section. 
Roles of leading participants 
As the story unfolds, the role(s) of participants in each partnering constituency is 
explored in relation to the division of labor in ATF. A quick reference to ATF, the main 
theoretical framework for this study, indicates that the division of labor, (Figure 4.3), plays a 
mediating role between the community (all partners in different constituencies) and the 
object (sustaining technology innovations) of this study. 
Tools 
Outcomes Subject Object 
Community Rules Division of Labor 
Figure 4.3: Basic activity system highlighting the mediating role of the division of labor 
Figure 4.3 highlights the mediating role carried out by division of labor between the 
community and the object of the activity. A glossary of terms for the elements of ATF is 
provided in Appendix A. Focus will now be placed on describing the roles of participants in 
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this case study. A total of 13 participants from five constituencies supporting teacher 
education made up the sample, shown in Table 4.4. 
Table 4.4: Participants from five constituencies supporting teacher education (N=13) 
Title Constituency Sample 
Co-principal Investigators College of Education (COE) 2 
TechCo Project Coordinator College of Education (COE) 1 
Principals 3 Elementary Schools (1 per school) 3 
Technology Coordinators 2 of 3 Elementary Schools (1 per school) 2 
Technology Consultants Area Educational Agency (AEA) 2 
Apple Executive Apple Inc., Corporation (Apple) 1 
Faculty College of Engineering (ENGR) 1 
C&I Department Chair College of Education (COE) 1 
As mentioned in Chapter 3, participants interviewed were chosen because of the 
strong leadership roles they played in their respective constituency. In addition, the role of 
each leader was vital to the goal of preparing future teachers to use technology. Participants 
for the case study were selected from each constituency so that the 'story' regarding the 
dance of sustaining technology innovations could be heard from multiple perspectives (Guba 
& Lincoln, 1994; Glesne, 1999). These five constituencies impacting teacher education are 
central to the development, description, and understanding of this case. TechCo's operations 
were coordinated from one central location by a project coordinator. Therefore, the role of 
the project coordinator is important to our understanding of the case. In the next section, 
attention is paid to the role of TechCo's project coordinator. 
TechCo's Project Coordinator: "Ms. Samba" pseudonym 
Upon evaluating the magnitude of activities and collaborations that were inherent in 
the PT3 grant operations, the position of a project coordinator was created six months into 
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the project. Ms. Samba was chosen based on her strong people skills—fundamental to this 
role of coordinating activities with stakeholders in each constituency. Ms. Samba was a 
graduate student in C&I, having expertise in working with technology infusion in the 
curriculum. Ms. Samba supported C&I faculty, K-6 in-service teachers, and the cohorts of 
pre-service teachers. She helped co-ordinate workshops, one-on-one faculty consultations, 
teacher instruction, and she also disseminated TechCo project results through conference 
presentations and publications. In addition, she designed and maintained TechCo's project 
Web site (ISU's TechCo Web site, 2004). Ms. Samba also coordinated many activities with 
the project's evaluation team, such as facilitating interviews and focus groups for data 
collection and evaluation purposes. Evaluation activities for TechCo project were managed 
by the Research Institute for Studies in Education (RISE) office at ISU. 
TechCo's project coordinator was the first point of contact for activities throughout 
the project. During the interview, Ms. Samba spoke with excitement about the extent of her 
role in TechCo. 
I worked with the pre-service teachers involved with TechCo because I coordinated 
the program. I was the contact person. I was the one [faculty and students] came to 
for help in answering simple questions, like "my laptop computer is not working," 
"what do I do here?" or "I need to contact one of the teachers at [one of] the 
elementary schools." I also helped [in-service teachers] with their electronic 
portfolios .... I went to the elementary schools where the cohort students taught so I 
could take pictures and document [students'] activities in the schools. 
Also, I worked with faculty such as the technology scholars. I worked with 
them as the contact person and at times I mentored them [technology scholars]. Even 
though we had student mentors, I was the person they [faculty] could reach if they 
couldn't reach a student. Also, if there were too many faculty members for the 
number of student mentors, I also would help [substitute] .... I helped [faculty] a lot 
with their courses, especially those using WebCT. 
If [faculty] were going to use WebCT, I was one of the first persons [to be 
contacted] because they knew I could help set up the courses .... I also do other 
activities like I got involved in the Palm project in the Center for Technology 
Learning and Teaching (CTLT). Therefore, I did multiple activities within and 
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outside TechCo . .. anything I could help with. I have also assisted [the co-principal 
investigators] with their classes—working with Power Point slides, making 
presentations a little prettier by incorporating the [appropriate] graphics. So, I have 
helped in many areas and in many ways. (Ms. Samba, Interviewed November 3, 
2003) 
The role of TechCo's project coordinator evolved and blossomed over time. Based on the 
multiple roles she played within the project, she contributed to the success of the grant 
activities. Ms. Samba worked and continues to work closely with the two co-principal 
investigators identified as Co-PI 1 and Co-PI 2. Their roles in supporting technology 
integration in teacher education will be presented in the next section. 
Co-Principal Investigators: "Co-PI 1 and Co-PI 2" pseudonyms 
Both Co-PIs have been engaged in teacher education for more than a decade. They 
have been leaders in the technology diffusion effort at ISU and have been instrumental in 
winning national awards for integrating technology in teacher education. Together they have 
worked successfully in attracting, obtaining, and/or collaborating on a number of grants, 
including Vision 2020, MathCo, and Educational Communities of Mentors, Educators and 
Technology (e-COMET) grants. Their major responsibilities within TechCo included 
writing the PT3 grant proposal, communicating with potential partners for the grant, 
consulting with faculty and K-6 teachers, presenting workshops on project-related topics, and 
assisting in development work (TechCo's Final Report, 2004). Within TechCo operations, 
labor was divided between both co-principal investigators, based on the expertise each had. 
Co-PI 1: Founding director of CTLT. Co-PI 1 served as the C&I department chair 
for seven years, including 2 years of the PT3 grant period. She served as principal 
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investigator on several contracts and grants totaling more than $5 million. She is the 
founding director of the Center for Technology in Teaching and Learning (CTLT), a center 
vital to supporting and sustaining technology innovations in teacher education at ISU. The 
primary focus of the CTLT is supporting technology in teacher education. Faculty scholars, 
hired as collaborators, are focused on conducting research in the area of technology and 
teacher education. The academic backgrounds of faculty in the CTLT include educational 
psychology, math education, English literacy, and teacher education, bringing strong 
pedagogy to address the needs for technology integration in the pre-service curriculum. A 
unique aspect of the CTLT is the integrated approach to facilitate a community of 
collaborators working together as communities of practice. 
In comparison, many technology or media programs operate separately from teacher 
education programs. However, the CTLT is a focal point within the TEP, supporting faculty 
and students in the entire COE to integrate technology in teacher education. The center 
provides a technology-rich, student-focused research environment with state-of-the-art 
technology (Thompson, Schmidt, & Davis, 2002). There are five computer labs; media 
production facilities, a library, one multi-purpose classroom with Iowa Communications 
Network (ICN) distance education capabilities; research equipment including assistive 
technologies, hardware, software, and several items for checkout, including digital cameras. 
This unique center, CTLT, is staffed by undergraduate and graduate collaborators and is one 
of the 'points of pride' in the COE, developed and supported by the efforts of the Co-PIs. 
Under the leadership of Co-PI 1, the C&I department received national recognition 
and awards for its innovative work in the area of infusing technology in teacher education 
(PT3 Grant Proposal, 1999). This includes the CEO Forum Recognition and the AACTE 
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Award discussed earlier. Co-PI 1 facilitates the class CI 610 and supervises student mentors 
working one-on-one with faculty for the past 13 years. This strategy for integrating 
technology in the pre-service curriculum will be discussed later in this chapter. This 
successful mentoring strategy made her a national leader of technology diffusion efforts over 
the years. 
Her time-share with the PT3 grant was 37.5%. She was responsible for activities with 
faculty, TechCo cohort 2, and one of the school districts where she provided leadership to the 
teachers and administrators. Over the years, Co-PI 1 has worked successfully at 
collaborating with faculty within the COE, including Co-PI 2 and several other 
collaborations with faculty across campus and in other institutions of higher education. 
Co-PI 2: Associate Director of CTLT. Co-PI 2 is currently the Associate Director 
of the CTLT. Within the TechCo project her time-share was 50%. Therefore, she was 
responsible for several activities pertaining to faculty development, field experience for pre-
service teachers, advising the first TechCo cohort of 28 pre-service teachers; and consulting 
in one of the school districts by working closely with teachers and administrators (TechCo's 
Final Report, 2004). The first cohort of students graduated Spring 2003. She has a passion 
for teaching and student learning with technology. It is not uncommon to observe her 
working with students and faculty on activities related to technology use in the CTLT 
laboratory. Co-PI 2 works in undergraduate teacher education and has received a number of 
recognitions and awards. She was instrumental in creating the technology education minor in 
the department and she serves as advisor to the student technology club. Co-PI 2 
collaborated with several faculty members locally, nationally, and internationally to enrich 
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technology diffusion in teacher education. One such important collaboration has been with a 
faculty member from ENGR, delivering the "Toying with Technology" (TWT) course, to 
pre-service teachers. 
Toying with Technology faculty: "TWT faculty" pseudonym 
TWT faculty is an associate professor and the assistant department chair in the 
Department of Materials, Science, and Engineering. In 1996, he won a Miller Faculty Award 
Fellowship to establish a technology literacy course, TWT. The Miller Faculty Award 
Fellowships was administered by the Provost's Office and the Center for Teaching 
Excellence (CTE) at ISU. Each year, the award goes to provide selected faculty with 
opportunities to enhance their scholarly work in the undergraduate academic programs at 
ISU. Successful faculty members use this award to develop innovative approaches to 
enhance student learning (ISU's Center for Teaching Excellence Web site, 2004). 
As an outgoing person, TWT faculty enjoys 'playing' with technology, and part of his 
teaching philosophy recognizes that students can learn important concepts by toying with 
technology. Hence the name "Toying with Technology" was chosen for the course. The 
Miller Faculty Award provided both time and resources for designing and implementing the 
course. The primary purpose of TWT was to offer a technology literacy class aimed at 
students, particularly education majors, in a non-technical content area having an 
appreciation for today's technological innovations. This course introduces education majors 
to many aspects of science, engineering, and technology. Built on the constructivist 
paradigm, there are many hands-on laboratory experiences based upon simple systems 
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constructed out of LEGOs® and controlled by small microcomputers (ISU's Toying with 
Technology Web site, 2004) 
During the PT3 grant period, the time-share for TWT faculty was 30%. For the 
duration of the grant period, he taught undergraduate teacher education students each 
semester as well as in-service and graduate students during the summer. To date, this course 
has impacted many students majoring in education as well as elementary school students. 
For example, since fall 1996, as an outreach tool TWT has impacted over 10,738 elementary 
and high school students (potential engineering students) who visited ISU campus. "At the 
undergraduate level 457 students have taken this course. In addition, 93 graduate students 
and in service teachers have taken this course since it was offered as a graduate course, in 
summer 2000" (ISU's Toying with Technology Web site, 2004, p. 1). 
Success of TWT was dependent on strong support from administrators in both ENGR 
as well as the COE. Support from administration for technology integration effort was 
important to sustainability in this case. Therefore, attention will be turned to the C&I 
department chair, whose role was significant regarding the activities pertaining to technology 
and teacher education. 
Department chair: "C&I chair" pseudonym 
C&I chair has been an avid supporter of technology integration in the COE 
curriculum for many years. He was described as "a wonderful collaborator, a disciplined 
problem-solver, an active scholar, and an effective leader" (Blount, 2001, ISU news release). 
During the interview, he spoke with passion about sustaining technology and the crucial role 
technology plays in helping people do things better. 
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Technology can be self-sustainable if, in fact, it really is doing something that allows 
you to do your job better than before. [As a result], there is going to be a demand for 
the technology .. . then we are going to figure out a way to sustain it. Where 
technology has failed, it seems to me, or it [technology] hasn't been sustained, is 
where it is simply added on and [technology] really is not making life better. 
(C&I chair, Interviewed October 25,2003) 
The C&I chair views technology as valuable when used purposefully and planned so that 
value is added to the operations being carried out. Even though he came on board as 
department chair three years into the TechCo project, he is knowledgeable about the project 
and has supported project activities. 
I know the TechCo project is about combining and improving the technology 
knowledge and utilization among faculty, pre-service teachers, and in-service 
teachers. I know that the PT3 funding has given resources to our faculty. It provided 
student mentors to faculty as part of the [mentoring] model of the program. We have 
gone out in the schools and provided mentoring to teachers and students .... I am 
pleased with the program, and I know it's been well run even though I do not have a 
lot of contact with it. (C&I chair, Interviewed October 25, 2003) 
Although the C&I chair has not been part of the daily activities within TechCo, he is 
cognizant of the need to support faculty and staff in the area. He was aware of TechCo and 
he encouraged and supported the faculty and staff to continue pursuing their research 
agendas, addressing technology integration in the curriculum. 
The CTLT and the people associated with it continue to be all involved in research on 
effective uses of technology in teacher education looking at new technologies .... I 
want to encourage that part of sustaining a climate of innovation that uses technology 
[in the department]. 
Shifting resources and allocating space are all [strategies] used to support 
technology innovations and faculty development activities. If we said we couldn't 
have the computer labs [as part of CTLT] downstairs providing adequate space ... 
that would not support what we want to do [integrate technology seamlessly in the 
teacher education program]. (C&I chair, Interviewed October 25, 2003) 
Reinforced in the comments from C&I chair is the need for strong support for faculty and 
staff. He sees support as part of his role to motivate faculty and staff in disseminating 
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information through research and teaching, as well as by providing the physical resources 
needed to enhance goal accomplishment. Focus will now be turned to the Apple Business 
partner, who also played a supportive consultant role regarding technology supplies in the 
TechCo project. 
Apple Business Partner: "Skip" pseudonym 
From the outset of preparing the PT3 grant, Skip was on board providing insights into 
the technologies available, educational discounted pricing, as well as learning opportunities 
in the form of workshops and seminars. Skip was very animated and interested in student 
learning and confidence building more than product selling. As a parent and an educator, he 
was interested in providing the best tools to facilitate students becoming 21st century learners 
and leaders with technology. Having worked with the Co-PIs on a number of projects in the 
past, Skip was knowledgeable of the goals and needs within the TEP as well as the activities 
in TechCo. He described his roles as follows. 
My role varies ... in a very simplistic sense and particularly with regard to ISU. 
What I did was work with people at Apple Computer Inc., and our finance 
organization to get some beneficial pricing. For the acquisition of laptops for the 
cohort, I coordinated with the people at the campus-based computer store as well. 
My company Apple Computer Inc., also was supportive of this venture even before 
PT3 activities. We provided samples of software pre-service teachers could use in 
their classes. When the second [TechCo] cohort got their laptops, we had an 
orientation session to get them up-to-speed on using their [laptop] computers. 
We were available to answer questions, and we helped with video editing 
issues .... In the ISU PT3 grant, the process was really well managed. And you 
know the talent and skills levels of people at the COE at ISU was such that there were 
lots of things that we perhaps could have done, but they did not need us. They 
already had the in-house capabilities [through the CTLT] to carry on several 
activities. (Skip, Interviewed October 29, 2003) 
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It was important to Skip, the business partner, that cohort students knew how to use their 
laptops properly in the teaching and learning processes. Therefore, he provided training 
opportunities for them through an orientation session. This showed the strong support and 
value that he placed on pre-service teachers learning to integrate technology in the 
curriculum. Additional support was given to pre-service teachers from principals 
accommodating pre-service teachers in the elementary schools, as well as encouraging in-
service teachers to learn and teach with technology. Therefore, the focus will be on the three 
principals who participated in this study. Whereas four elementary schools were partners in 
the TechCo project, only three elementary schools were part of this sample. One school 
principal declined to participate in the study and was excluded from this description. 
Elementary School Principals: "Principal 1. Principal 2, Principal 3" pseudonyms 
Three principals from the school constituency participated in this study. These 
principals were from three elementary schools that accommodated pre-service teachers for 
their technology-rich field experience. These schools were, therefore, engaged in 
simultaneous renewal with ISU's teacher training department. Many colleges of education 
face difficulties placing students in field situations that provide needed experiences such as 
access to technology-rich field experiences, including exemplary technology use (Office of 
Technology Assessment, 1995). The partnership developed between these elementary 
schools and ISU's TEP was reciprocated. Elementary schools provided technology-rich field 
experiences and the pre-service teachers brought their skills of integrating technology in the 
elementary curriculum to these schools. Each elementary school and principal is discussed 
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simultaneously. Demographic information is provided to contextualize the role of each 
principal discussed. 
Principal 1: Urban School District. Principal 1 is a male at the urban elementary 
school partnering with TechCo. Based on the data for the academic year 2002-2003, there 
were 360 students enrolled with 33 teachers (students to teacher ratio of 11:1). Two hundred 
and sixty-eight students were on free and/or reduced lunch. In terms of demographics, 45% 
of the students were white and 55% comprised students of color including backs, Asians, and 
Hispanics (DMISD school 1 [2002-2003] demographic information, 2003). A technology-
rich field experience was made possible because there was access to computers and the 
Internet. In this school, teachers also were supported in their efforts to integrate technology, 
asserted the principal. 
We have [computer] labs, and we have technology in each classroom. But [the 
number of computers] is limited ... when students and teachers do not have complete 
access where all students can become engaged in using technology it becomes 
difficult. I think we are at the point right now where it would be nice if we had 
enough computers in each classroom, giving every student access. 
And I think it would [also] be more advantageous for teachers and students. 
We are quite strapped now because students are going to the computer lab and they 
are working with the technology coordinator. Students may come for a while with 
their classroom teacher. But it is scheduling around 19 classes that is a challenge . .. 
not having [adequate number of computers] readily available .... It would be nice if 
we had more laptop computers in every one of our classrooms. Availability is one of 
the things that is a real issue at this particular point. However, I think teachers at this 
point are ready and quite willing... to use what is available. (Principal 1, 
Interviewed November 18, 2003) 
Based on the response of Principal 1, it would be ideal to have enough computers in 
each classroom. However, teachers made the best use of the limited number of computers 
available and scheduled their classes with the technology coordinator in the computer lab. 
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Based on site observations conducted by the researcher, there were two computer labs—one 
having 18 stations and the other eight stations for students and members of the community, 
including parents. In addition, each classroom was equipped with a teacher and a student 
computer station using wireless Internet connections. Site observations also revealed that 
teachers in this school were "on-board" and excited about technology use in the classroom 
because they were supported through professional development activities. 
Much staff development time was devoted to helping teachers learn to integrate 
technology successfully in the curriculum. As a magnet school with a focus on technology, 
math, and science, much emphasis was placed on technology integration. A magnet school is 
one that places special emphasis on academic achievement or on a particular field, such as 
science, designed to attract students from elsewhere in the school district (U.S magnet 
schools Web site, 2004). This was coupled with the fact that Principal 1 was the former 
technology coordinator for a number of years. In addition, the current technology 
coordinator strives to have teachers incorporate technology in all their classes so that "no 
child is left behind" in terms of technology literacy. Both interviews with the principal and 
the technology coordinator revealed that technology was used successfully in all subject 
areas, in spite of the need for more computers. 
Principal 2: Leading two buildings. Principal 2 provided leadership in two separate 
school buildings nine miles apart. Data for the 2002-2003 academic year revealed that there 
were 234 students and 13 teachers in Building A (student to teacher ratio of 18:1). Ninety-
six percent of the school population comprised white students with the remaining four 
percent being blacks, Hispanics, and Native American students. Only 21 (0.08%) students 
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were on free and/or reduced lunch in this Building A (PCESD2 school 2A [2002-2003] 
demographic information, 2003). In Building B, there were 283 students and 15 teachers 
(ratio 18:1 students to teacher). Ninety-eight percent of the students were white, whereas the 
remaining two percent comprised of blacks and Asians. Twenty-five students (0.08%) were 
on free and/or reduced lunch (PCESD school 2B [2002-2003] demographic information, 
2003). 
Each building had a computer lab with 16 workstations, and each classroom had a 
teacher and at least two student computer stations with Internet access. During the telephone 
interview with Principal 2, she emphasized her pride regarding the strong focus placed on 
technology integration in her schools. She attributed this pride to the vibrant and 
knowledgeable technology coordinator who helped provide professional development 
activities as well access to technology resources. 
A nice component of the grant is the professional development component. I do have 
a great technology coordinator who does a lot in both buildings with professional 
development. The model we developed was successful with having the substitute 
teachers in the building. This made it possible to give the teachers time to learn new 
strategies and concepts regarding technology integration from the experts. After each 
professional development activity, teachers could go back to their classrooms and 
start to infuse some of the concepts they learned .... There were lots of educational 
opportunities for my teachers provided by the AEA Consultants, and ISU faculty 
members. In addition, the technology coordinator who really helped to develop the 
integrated model with teachers also facilitated some of the activities. (Principal 2, 
Interviewed December 16, 2003) 
Collaboration among faculty, AEA technology consultants, and technology coordinators was 
important to help in-service teachers learn to infuse technology in the elementary curriculum. 
Much emphasis was placed on practical professional development activities. The positive 
2 Polk County Elementary School District 
124 
views of Principal 2, regarding the role of the technology coordinator in the building were 
contrasting to the views of Principal 3. 
Principal 3: New leader. Principal 3 is a female in an urban magnet elementary 
school. Data for the academic school year 2002-2003 showed there were 319 students and 
28 teachers in this school (students to teacher ratio of 11:1). The demographic breakdown of 
students was approximately 60% white students and 40% students of color including blacks, 
Native Americans, and Hispanics (DMISD school 3 (2002-2003) demographic information, 
2003). There were 165 (71.7%) students on free and/or reduced lunch. In terms of 
technology, there was one computer lab with 12 computers and each classroom had a 
teaching station and a student computer station with Internet access. Based on the PT3 
partnership, funding was provided to purchase a number of laptop computers to supplement 
the computers in the lab. 
Principal 3 took over the leadership position in the school two years ago when 
TechCo was in its third year. Currently the focus of Principal 3 is specifically on improving 
reading and math literacy, not technology integration, per se. This focus resulted in the lack 
of people tools to support technology integration in her building, such as the lack of a 
technology coordinator to help teachers learn how to integrate technology into the 
curriculum. 
This building had a technology teacher and I replaced that position because there 
wasn't enough time devoted to literacy and math .... I am not willing to reinstate a 
technology position ... the teachers were too dependent on the technology teacher. 
This program was not designed to help the teachers learn to help themselves. They 
were totally dependent on the technology teacher. And so for us to have any 
sustainability, we've got to have some professional development for the classroom 
teachers. (Principal 3, Interviewed November 17, 2003) 
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Principal 3 did not see the grant activities as providing adequate professional development 
training for her teachers. Hence, technology integration was unsustainable in her view. The 
model in her building whereby teachers simply dropped off the children at the computer was 
not a favorable or integrative strategy. However, it would take visionary leadership to help 
move teachers from this isolated model to an integrated model. Not having a focus on 
technology integration defeated the purpose of simultaneous renewal. During the interview, 
it was clear that technology was not a priority for Principal 3. In the elementary schools 
where technology integration was a priority, the results were different in that the principals as 
well as the technology coordinators provided leadership. Each technology coordinator is 
featured in the next section 
Technology Coordinators: "Techno 1 and Techno 2" pseudonyms 
There were two technology coordinators from two different elementary schools in the 
sample. The first coordinator discussed was from the same school as Principal 1, and the 
second coordinator from the school where Principal 2 was the leader. As technology leaders 
in their schools, they formed an important link between schools and university partners 
working with cohort students and in-service teachers. Their roles were vital in planning and 
facilitating staff development activities, focusing on successful strategies for integrating 
technology into the curriculum. Techno 1 was located at the urban magnet school that had a 
strong focus on technology and was led by Principal 1 introduced earlier. 
Techno 1: Urban school. When one walked into the school building, there was 
evidence that technology was in use by students and teachers. As a technology coordinator, 
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administrator, and student in C&I at ISU, Techno 1 displayed enthusiasm about her 
involvement with the TechCo activities, in spite of time constraint. In her role, she facilitated 
in-service training activities with all teachers. 
We did a lot of in-services with teachers, workshops, and one-on-one support.... 
When we had the grant [money] it was easier for me to work with someone from ISU. 
Ms. Samba (TechCo's coordinator) came down all the time. We had a master teacher 
for two years in a row ... so we had an extra body here to support whatever we 
were doing. But without that  [addit ional support]  now it  is  tough . . . .  As I  
mentioned earlier, I am not only the technology coordinator, I am the math 
coordinator ... I have administrative duties, and I am responsible for professional 
development for teachers. Sometimes if I am not doing something with technology, I 
have to do something in those other areas .. . [activities] may be related to the 
curriculum or something personal for my teachers. (Techno 1, Interviewed 
November 11, 2003) 
Techno 1 had multiple roles outside of her role as technology coordinator. During the 
interview, we were interrupted a number of times by teachers wanting to get information 
from her regarding technology usage and faculty development activities. With Techno 1 's 
strong background in math and science at the K-12 level, she was also a leader in her 
schools' math literacy efforts incorporating technology into the grade-three math curriculum. 
Unlike Techno 1, Techno 2 worked as the technology coordinator in both buildings, and she 
had no additional administrative responsibilities. 
Techno 2: Serving two buildings. Conversely, Techno 2 was from a rural school 
spread across two separate buildings, where principal 2 (discussed earlier), was the leader in 
both buildings. She worked only as the technology-coordinating teacher in both buildings 
and was respected for her knowledge and skills at integrating technology in the K-6 
curriculum. She got on board with ISU, having worked on previous grant activities such as 
the Educational Communities of Mentors, Educators, and Technology (e-COMET). "I [got] 
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involved with ISU's PT3 grant activities [TechCo] since it started. It started out as a FINE 
grant [First in the Nation Education] ... we called it e-COMET back then, and it was in 
1997/1998; so I was pretty much involved from the get-go." During the grant period, Techno 
2 was instrumental in helping to acquire new computer laboratory facilities and several 
technology resources in both buildings for students and teachers to access. She worked very 
closely with the principal of her school and the AEA technology consultants, in order to 
provide the best professional development opportunities for teachers and students. In the 
section that follows, focus will be on another important constituent supporting teacher 
education as a TechCo partner—Heartland 11 AEA. 
Area Educational Agency AEAs: "AEA Consultant 1 and AEA Consultant 2" 
(pseudonyms) 
The mission of the AEA's is to support children, families, and educators in the 
improvement of student learning. This agency is committed to "improving education by 
supporting all learners through client-focused services, partnerships, and leadership" 
(www.aeall.kl2.ia.us, p. 1). The AEA is a regional agency in Iowa serving 91 (public and 
private) school districts, with over 120, 531 students in an 11-county area. Heartland 11 
AEA has been a partner with ISU prior to the acquisition of the PT3 grant and TechCo's 
existence. In fact, both AEA technology consultants were involved in writing the PT3 grant 
from its embryonic stage. 
We [were] originally involved in the planning and designing of the PT3 grant, but I 
really have to say that was an indirect involvement. The PT3 grant actually evolved 
from a FINE grant... ISU and AEA [personnel] wrote the FINE grant together and it 
was implemented for 2-3 years. But after its implementation, the PT3 grant evolved. 
(AEA Consultant 1, Interviewed November 19, 2003) 
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As part of the involvement with the PT3 TechCo initiative, the AEA technology consultants 
conducted professional development and leadership activities on site in school districts. 
"The instructional technology team provided leadership and expertise in educational 
technology integration as part of the PT3 grant activities" (AEA Consultant 2). For the case 
data, two technology consultants from the AEA were interviewed; each had a complementary 
role within the TechCo project. How labor was divided among AEA Consultants is 
important to the case. 
AEA Consultant 1 provided professional development activities on site in the 
elementary schools, helping in-service teachers integrate technology seamlessly in the 
curriculum. She provided leadership to different school districts and her staff was very 
involved in planning suitable activities and outcomes for students and teachers in conjunction 
with ISU. The role of AEA Consultant 2 was similar to that of Consultant 1 because they 
worked as a team. 
We have the team that I mentioned and we just kind of divide [work activities] evenly 
among ourselves, depending on our schedules and who has the expertise. Not 
everybody has the same expertise .... When I started 15 years ago I knew a little bit 
about everything. Now there are certain areas like early learning and very specific 
instructional software that is probably my expertise. [However,] somebody else has 
expertise with PDAs [hand held devices] and others with the Web. So we would go 
to whoever has the expertise and time in his/her schedule .... But it [work] is 
divided equally among the team members. (AEA Consultant 2, Interviewed 
November 19, 2003) 
Both AEA Consultants emphasized teamwork as they worked with professional development 
activities in schools. Each month an AEA Consultant participated in the in-service day 
activities in each of the partner schools. AEA Consultants also helped design and teach 
summer workshops and other professional development activities offered in the partner 
elementary schools for in-service teachers to integrate technology into their classes. Another 
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activity provided by the AEA was sponsoring an annual technology fair for elementary 
school students to display their techology products. 
Case summary 
The story that unfolded regarding the dance of sustaining technology innovations in 
teacher education revealed that five primary constituencies impacted ISU's TEP. The 
constituencies were COE, ENGR, Heartland 11 AEA, four area elementary schools where 
future teachers participate in technology-rich field experiences (three schools were included 
in this sample), and Apple Computer Inc., as the business partner. Each constituent had a 
unique and complementary role in the simultaneous renewal taking place in ISU's TEP. 
From the case, it was found that for technology innovations to be implemented and sustained, 
strong collaborative efforts must exist among partners in the constituents supporting teacher 
education. The division of labor featured in ATF revealed the unique role of each constituent 
member. 
Therefore, each leader in each partner organization was important in planning, 
organizing, implementing, evaluating, and currently sustaining the activities and technology 
innovations that were vital to preparing tomorrow's teachers to use technology in their 
context. TechCo provided the "home" and context in which PT3 operations were 
coordinated, collaborated, and disseminated. In the final section the results of the study are 
presented in relation to the three research questions posed. The results are followed by a 
summary of the chapter that will connect all the information in a concise manner. 
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Section 3: Answering Research Questions (Results) 
The results of the study are now presented in relationship to the three research 
questions posed. Results are punctuated with pertinent quotes and excerpts from participants. 
The excerpts are provided to give a thick and rich description Geertz (1973) as cited in Stake 
(1995); for the voices of participants to he heard (Glesne, 1999); to maximize naturalistic 
generalization and transferability (Lincoln & Guba, 1985; Stake, 1995); and for 
representation of multiple realities (Denzin & Lincoln, 1998). Results are further broken 
down into deductive themes presented in sub-sections. A modified (quasi) constant 
comparison data analysis strategy also was used. For example, the data collected from the 
principals were analyzed in relation to each other (within case analysis). Based on each 
research question, themes that were common between and among the three principals were 
identified and analyzed. 
Research Question # 1: What Strategies are used for Sustaining Technology 
Innovations in Teacher Education? 
To answer research question 1, twelve sub-questions were asked. The strategies 
identified for sustaining technology innovations were consistent across constituencies 
supporting teacher education and triangulated with the document analysis. From the 
document analysis, six major strategies were identified. These strategies were presented 
earlier in Table 4.2. Three major strategies emerged from the data: (1) making technology an 
integral part of the curriculum (restructuring approach to technology classes), (2) 
collaborative teamwork (partnering) among stakeholders, and (3) strong support from key 
personnel. Each strategy is discussed in the next section. 
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Strategy # 1: Making Technology an Integral Part of the Teacher Education 
Curriculum 
Based on the responses of participants in this study, making technology an integral 
part of the teacher education curriculum was the first and most important strategy identified. 
Five themes emerged from this strategy: (1) faculty-using technology, (2) adjustments to the 
physical space to accommodate new technologies, (3) students using technology, 
(4) collaborative partnerships, and (5) strong support from key personnel. Each theme will 
now be examined in relation to the COE and the elementary school constituencies. 
Theme # 1: Technology-using faculty 
Two major initiatives were highlighted for technology-using faculty in this section, 
one-on-one faculty mentoring opportunity and the technology scholars (TecScholars). Both 
initiatives were open to all faculty members to participate in voluntarily. 
One-on-one mentoring 
For pre-service teachers to develop the skills to use technology effectively in their 
classes, they must use technology and see technology use modeled in their courses 
(Thompson, Schmidt, & Stewart, 2000). The major and most sustainable strategy for 
motivating faculty to use technology has been the one-on-one technology-mentoring model, 
asserted Co-PI 1. 
We have a mentoring program that is sustainable because it is part of a class; it's part 
of the structure here [in the C&I graduate student curriculum). So it is not something 
that will go away because we do not have money .... And it does provide one-on-
one support for all faculty [who volunteered] to become involved in the mentoring 
process. (Co-PI 1, Interviewed November 14, 2003) 
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Therefore, faculty preparing pre-service teachers had constant help in learning how to use 
technology as part of their courses. Furthermore, faculty identified and pursued the 
opportunity to get one-on-one consultation from graduate students in the course Technology 
in Teacher Education (CI 610). Faculty identified their needs, and then, with help from the 
graduate student learned how to use and incorporate specific technology applications in their 
subject matter. Reciprocally, graduate student mentors learned useful teaching strategies 
from faculty. Therefore, reciprocal mentoring was achieved as graduate student mentors 
worked closely with teacher educators to achieve the outlined goal(s), indicated Co-PI 2. 
I think we looked at ways to support our pre-service teachers and ways to encourage 
more K-12 collaboration, and then how to help faculty .... The CI610 class was 
useful over the years having students mentor faculty. I think PT3 helped me in 
accessing how we impacted technology use. Well, the way to do this is to help all 
[simultaneously]... in-service, pre-service, and faculty. How can we do that? 
A revision of the curriculum is how to do that and especially from our 
standpoint with the technology minor in place. We have to update that and make [the 
technology minor [program] more appealing to our students .... Our goal was to 
continue being helpful and supportive of faculty who make inquiry about technology 
use in their classes. For example, right before I came in here I assisted one content-
specific faculty member who wanted her students to use assistive technology ... 
she's having her students explore assistive technology in one of her secondary 
reading courses, which is great. But it just hasn't been working. So I am just trying 
to help her, and we are trying to work together in how to make this work for the 
students. 
So I think [part of the sustainability] is being supportive of faculty who want 
to explore non-traditional [technology integration strategies] and helping to provide 
such leadership [eventually leading to sustainability]. My next step with this one is to 
go to the special education section and tell [faculty] what we have available [in terms 
of assistive technology]. They could incorporate assistive technology in their courses 
.... It will become clear to the faculty who really want to do this [integrate 
technology features in their classes]... making the process as easy as possible and 
communicating with faculty what we have and what we can do for them is crucial at 
the time. 
And then my third would be the in-service teachers. I am in this role just 
because of my background and I feel a critical need to be connected to our K-12 
schools in Iowa .... I am now on the Iowa Technology (ITECH) Board our premier 
state organization. I can keep ISU connected to the schools, and I have not severed 
my ties with elementary schools. I have been in a couple of teachers' classrooms 
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already this semester working collaboratively and team teaching with them. (Co-PI 2, 
Interviewed October 20, 2003) 
From the outset, leaders in the TEP realized that major changes had to be made to the teacher 
education curriculum. This meant that faculty had to become involved in the change process. 
From documents analyzed, it was gathered that PT3 funding accommodated teacher 
education faculty becoming technology scholars, affectionately called TecScholars. 
Technology scholars (TecScholars") 
Although the one-on-one mentoring was beneficial, many faculty expressed the desire 
to immerse themselves in learning how to use specific technologies. An 'offspring' of the 
reciprocal mentoring program was the technology scholars' faculty development initiative. 
TecScholars were faculty who volunteered to participate in an intensive training in learning 
specific technology applications that would enhance technology integration in their 
scholarship and day-to-day courses. Each faculty member was given the option of being 
released from one course in a given semester or one-month's salary during the summer (an 
equivalent of 10% time-share). Six faculty members participated in the TecScholars' 
initiative (Schmidt, Thompson, & Michelini, 2001). 
In supporting the efforts of TecScholars, additional resources were provided. 
Resources included the availability of a C&I graduate student to provide supplemental 
instruction to TecScholars upon request. This graduate student was also available to assist 
with on-line course and resource development. An additional strategy for helping 
TecScholars was a weekly one-hour sharing (debriefing) time. During the weekly debriefing 
session, TecScholars met with each other in a session facilitated by the Co-PI's and 
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TechCo's project director. These sharing sessions were beneficial to TecScholars because 
they learned from each other through the exchange of ideas and stories (Schmidt, Thompson, 
& Michelini, 2001) in a true community of practice. The establishment of TecScholars was a 
successful way to further ensure sustainable change in the teacher education program. 
Technology-using teachers in elementary schools 
These changes in the teacher education faculty and ultimately the teacher education 
curriculum complemented and were complemented by changes in the elementary school 
curriculum where pre-service teachers conducted their field experience as part of Goodlad's 
(1994) simultaneous renewal model. The stigma attached to technology classes as "special 
classes" was reduced as more and more teachers started to integrate technology into their 
classes, leading to the integrated model. 
One of the major innovative [change] in our school was the restructuring of the 
classes to include technology. We started out with technology as a "special class" 
where teachers brought students to me "X" number of times. Teachers would drop 
off students and leave. Each week at that time I would have those students. So that 
changed from that type of "special class" to an infusion class. 
[In the infusion model] teachers and I spend time planning how to infuse 
technology into their curriculum. Following the planning session, teachers attended 
[technology] classes with their students. We were able to work collaboratively on 
technology projects [simultaneously] with students. Teachers may choose to 
accompany their students to the lab every day for a week for 45 minutes; or [teachers] 
may come two times weekly and then they may not come again for a while if teachers 
do not have a project requiring the use of technology. 
So [the approach to technology in the elementary school curriculum] went to 
an infusion model where technology was used as needed. So probably that was the 
major change that resulted from PT3 .... We also received several technology 
equipment and hardware from the grant, and so we have been able to do some things 
we were not able to do before. 
Prior to the PT3 grant we had one digital camera that was shared between the 
two buildings. Now we have one [digital camera] for every grade level in both 
buildings ... we use a lot more digital videos, a lot more digital pictures and teachers 
have been exposed to different programs and applications they were not aware of 
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before .... Teachers are now able to do animations, web pages and things of that 
nature that they were not exposed to before the grant. 
So there has been a real change in the curriculum regarding technology use 
here considerably. Not only in the way the curriculum is delivered to students but 
also in the kinds of things that we are doing, because it has provided teachers with 
opportunities of seeing things they would not have seen. (Techno 2, Interviewed 
December 8, 2003) 
In part, changes in the approach to teaching technology in the elementary schools became a 
reality with the collaborative partnership and simultaneous renewal focus. Technology 
resources were acquired and teachers had the flexibility to be more creative. At the same 
time, the integrative approach to technology in the elementary school curriculum was 
embraced, reducing the former approach whereby technology usage was carried out as a 
special class. The evolution from the special class model to an integrated model was 
embraced and highlighted by Principal 1. 
I know when I first came in we were using technology as a "special class" for 
children. Teachers would literally drop off their children at the door and say 
hello to the technology teacher and go back to their classrooms .... Technology was 
something that was 'done to the kids' rather than with the kids ... that [approach] has 
been changed. It is now a collaborative partnership between the general education 
classroom teacher and the technology teacher working with the kids. (Principal 1, 
Interviewed November 18, 2003) 
As a result, technology is no longer confined to a "special class." Rather, technology use is 
diffused within the elementary school curriculum, enhanced by the availability of technology 
resources. By way of contrast, two elementary schools moved towards an integrative model 
for technology integration in the curriculum, whereas a shift in focus from technology 
integration was evident in the third school. The focus was shifted from technology 
integration to math and literacy in this elementary school because there was a change in 
leadership. 
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We had a technology team last year. We did provide professional development on 
two different occasions, to show the teachers different types of soft wares we had 
available and to give them ideas for technology integration. The key staff developer 
was the teacher who moved to another part of the state. Without her, the impetus is 
really not there for the teachers to hone and enhance their technology skills. 
I think I was assigned to this building because there was never a focus on 
reading and writing .... There was a very minor focus on student achievement. 
There has been a huge focus on isolating science and isolating technology; 
and so that is my hope that we will start integrating [all areas] .... And that is where 
I will look to ISU for some kind of a partnership to at least provide the professional 
development... to help us teach the teachers how to use technology. (Principal 3, 
Interviewed November 17, 2003) 
All elementary schools were not all at the same level of integrating technology in the 
curriculum. Due to the loss of the primary technology-using teacher (technology 
coordinator), teachers in one elementary school were not motivated to sustain technology use 
in their classes. Furthermore, technology integration was not a priority for the leadership. 
Principal 3 made an appeal for help with staff development activities from ISU as a partner 
for renewal in teacher education. This call solidifies the need for changes to be made 
simultaneously in teacher education and elementary schools. Other changes in the TEP at 
ISU and in the elementary schools included changes to the physical space. Computer labs 
were created and some classrooms were upgraded to become technology-friendly. 
Theme # 2: Physical space 
To integrate technology successfully in the TEP, changes also were made to the 
physical spaces in terms of labs and classrooms where students could observe technology use 
as well as become engaged with computer technology. From documents analyzed, three 
classrooms in the teacher education department were re-configured to accommodate the use 
of technology in these rooms (TechCo's Year 3 Report, 2002). Classrooms were 
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reconfigured, based on responses from a faculty focus group. Faculty indicated they needed 
access to using technology in their classrooms. According to Co-PI 2 
We had focus groups with the faculty to find out what we needed to do for them in 
order that they use technology in their classes .... The main theme identified from 
the focus group was the need to have the technology in their classrooms. And so we 
did [improve three classrooms by making them technology-friendly]. We upgraded 
classrooms as a result of PT3 funds, and that led to more faculty becoming involved 
and wanting to use technology in the classroom. (Co-PI 2, Interviewed October 20, 
2004) 
TechCo project coordinator (Ms. Samba) reiterated with much excitement (in her voice), that 
one of the significant changes in the teacher education department was improving three 
classrooms used frequently by the teacher education faculty to being more technology-
friendly. 
In addition, a mobile technology cart housing 18 laptop computers was available for 
faculty to roll into their classes so that all students could have access to technology without 
having to be relocated in a computer lab. This extra physical amenity was very useful for the 
teaching and learning processes (Schmidt, Thompson, & Michelini, 2001). 
Simultaneously, in schools, physical changes were also evident for teachers to have 
access to technology. Based on observations, each classroom had one teacher computer 
station and at least one student computer station. Additionally, labs were improved and new 
technology equipment purchased, attested Principal 1. 
We have moved forward in providing more technology and labs. It has really meant 
that we try and upgrade the equipment that we have, making sure that the staff has the 
necessary equipment to carry out their project goals. We have developed a new 
computer lab that was created so that students could learn to use technology. But at 
least every classroom has a teacher and student computer work station ... Still, what 
is needed is adequate equipment where every student could have new technology 
available to [each of] them. (Principal 1, Interviewed November 18, 2004) 
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In the third elementary school, physical changes included the development of" ... a cutting 
edge computer lab with comfortable furniture as well as good resources and a good 
environment" (Principal 3, Interviewed November 17, 2003). In elementary school Number 
2, there was adequate lab space prior to working with TechCo. However, additional 
equipment was acquired through the PT3 grant, enhancing technology integration efforts. 
"In terms of lab space—not bigger space was received, but additional equipment in those 
labs . .. such as digital cameras, laptop computers, desktop computers, printers and software" 
(Principal 2, Interviewed December 10, 2003). One elementary school technology 
coordinator was excited to report the acquisition of new labs as well as equipment to further 
enhance technology integration. 
Well, we got new lab equipment. Five years ago we got third generation I-Macs, so 
we upgraded that equipment in the labs .... We received many equipment through 
the grant. So now we have laptop computers that we did not have before. We have 
nine laptop computers at one building and eight at the other building; and then we got 
all new Macintosh computers this new school year. 
So we got new equipment, which changed the ways we do things [approached 
technology integration].... With the new equipment we are capable of doing more 
and different things. We totally changed the structure of the technology program in 
both buildings. [However], one building was much more receptive at first than the 
other... now both buildings have [demonstrated a commitment] to [technology 
integration] and are doing well that way. 
But that was probably a two-year process trying to get everybody on board 
with [technology integration]. That was a big one trying to sell the idea to some 
teachers. They [teachers] kind of liked taking their kids and dropping them off at the 
computer lab then having that time for planning lessons. I think that was how they 
felt at the beginning. 
Now they like having the co-teaching strategy because there are two sets of 
hands instead of one. And it is not only in my room [computer lab] that we conduct 
classes. Sometime I go to the classrooms, sometimes we go outside .... I think the 
facts that [teachers] realize that I am there to help them teach this unit or project 
makes many teachers more comfortable using technology. I think the restructuring of 
the technology program and the provision of more lab space and technology was 
probably one of the biggest [successes] for us in this school district. (Techno 2, 
Interviewed December 8, 2003) 
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In all three elementary schools there were improvements made to the physical infrastructure 
to support teaching and learning with technology. In fact, teaching with technology was no 
longer confined to the physical classroom space based on the availability of portable laptop 
computers. Therefore, when pre-service teachers go out in these schools for field experience, 
they were not inhibited by a lack of technology, because they have access to technology. 
Theme # 3: Technology-using cohort of students 
At ISU the teacher education curriculum was restructured to facilitate a cohort 
of students taking courses together, starting in their sophomore year. The cohort 
model was identified as a significant strategy employed to further integrate 
technology in the pre-service teacher curriculum. The cohort model proved to be 
successful, whereby students became actively engaged in collaborative learning 
processes using technology. The TechCo cohort model also allowed for maximum 
interaction between and among students. Students shared resources and information 
easily. A larger knowledge base and resource pool from which pre-service teachers 
student could draw from, in relation to technology integration in the K-12 curriculum 
was also facilitated (Thompson, Schmidt, & Stewart, 2000). 
Document analysis showed that the cohort model promoted constant use and 
integration of technology in courses. A significant aspect of the cohort model was each 
student having the opportunity to purchase wireless Apple iBooks at a discounted price. 
Additional iBooks were purchased for checkout through the PT3 funds to provide access to 
students who chose not to (or could not afford to) purchase laptop computers. "The ability 
for cohort students to purchase laptop computers at discounted price was effective ... I think 
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we had 70%-80% of the cohort students who purchased laptop computers" (Co-PI 2, 
Interviewed, October 20, 2003). 
Pre-service teachers had ubiquitous access to technology—"making technology as 
accessible as paper and pencil" (AEA Consultant 1, Interviewed November 19, 2003). The 
availability of iBooks anytime and anywhere, served to promote a "wired learning 
community" among pre-service teachers (ISU's, TechCo Web site, 2004). "Allowing the 
TechCo cohort of students to exist really has enhanced technology integration into the 
curriculum. I often see these students in the hallways" (C&I chair, Interviewed October 25, 
2003). Throughout the semesters the cohort students were seen in classrooms, hallways, and 
outdoors collaborating on projects and assignments using their laptop computers. Their 
visibility throughout the COE helped to communicate and provide visibility of a 
collaborative technology-friendly culture. TechCo cohort students became technology 
'champions' enhancing the renewal of teacher education, suggested Co-PI 1. "The cohort 
model was a classic example of an innovation as part of our program. Our undergraduate 
students had ubiquitous access to computers. This allowed [students] to be creative and to 
[further] champion the cause of technology integration in our TEP" (Co-PI 1, Interviewed 
November 14, 2003). 
In summary, technology was integrated in the teacher education curriculum in 
multiple ways: First, through faculty modeling technology use in their classes; second, 
classrooms were redesigned to provide students and faculty with access to technology in 
technology-friendly classrooms as well as a mobile technology cart; and third, having two 
cohorts of students with ubiquitous access to laptop computers. In the elementary schools 
the curriculum also was enriched by the provision of new and improved lab spaces, teacher 
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and student technology stations in each classroom, and teachers blending the use of 
technology in their individual classes. For pre-service teachers to develop the skills to use 
technology effectively in their classes, they have to use technology and see technology use 
modeled in their classes as well as conduct their field experiences in constituencies that have 
technology available (Thompson, Schmidt, & Stewart, 2000). Together, the strategies 
employed were successful because of the strong collaborative partnerships among 
stakeholders in each constituency. 
Theme # 4: Collaborative teamwork (partnering) among stakeholders 
Several technology innovations were developed and sustained through collaborative 
actions from stakeholders in multiple constituencies supporting teacher education. Note­
worthy is the fact that the underlying assumption of the TechCo project was collaboration 
among partners (stakeholders), implied in the name of the project (Technology 
Collaboratives). In this section, only three major partnerships are discussed (a) Apple 
partnership (b) AEA consultancy, and (c) partnership with the ENGR College to deliver a 
core course to future teachers. 
Apple Business Partnership 
The strong partnership between Apple Computer Inc., and ISU allowed cohort 
students to gain access to iBooks (laptop computers) at discounted prices. As a result, the 
digital divide was narrowed because students who could least afford the iBooks had the 
opportunity to purchase these laptop computers at discounted prices. In fact, students who 
could not afford to purchase iBooks even at the discounted price also were not 
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disadvantaged. Documents analyzed showed that iBooks were made available through the 
PT3 grant for students to check out from the CTLT laboratory. 
To promote the use and integration of technology in courses ... TechCo cohort 
students were given the opportunity to purchase Apple iBooks at a discounted price 
.... Additional iBooks were purchased to provide access to students for checkout 
(Schmidt, Thompson, & Michelini, 2002, p. 3). 
Students having ubiquitous access to technology were able to conduct field experiences in 
schools where in-service teachers also were exposed to technology integration activities 
facilitated through university partnerships as well as partnerships with the AEA—one of the 
constituencies supporting teacher education. 
Local Area Educational Agency (AEA) 
Partnering with Heartland 11 AEA services was a successful strategy embarked on 
leading to sustainability of many activities in the teacher preparation program. In the drive to 
renew teacher education with technology, strong collaborative efforts among all partners 
were mandatory. University partners in synch with AEA educational technology consultants 
developed and implemented several staff development activities for K-12 teachers to 
integrate technology in the classroom. Reliance on just one or the other would lead to 
stretching of human resources. This partnering was effective because AEA technology 
consultants were able to deliver some of the staff development activities they had expertise 
in, at the AEA. Technology consultants had positive views for sustaining both partnerships 
and technology innovations in teacher education. 
[I have] very positive views about sustaining our partnership with ISU and the 
elementary schools. Mentoring has always been a service of the AEA, but I think the 
partnership with higher education is something we will continue as often as we can. 
Because I saw that partnership being very valuable to what we do for schools and to 
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what [ISU] wants to do for schools and pre-service teachers as well.... We 
[already] have certain sets of resources and access to schools that [ISU] do not have 
on a daily basis .. . [ISU] also have certain sets of resources and researchers that we 
do not provide on a daily basis of the AEA. So, I think those are the two things I 
would consider as mutually beneficial. (AEA Consultant 1, Interviewed November 
19,2003) 
The services delivered to schools and in-service teachers through the AEA are 
complementary to the roles and services ISU strives to provide in helping in-service teachers 
with the professional development skills they need for technology integration. In the TechCo 
partnership with elementary schools, the most successful professional development strategy 
identified across constituencies was the monthly in-service days for teachers. Using this 
model, teachers were released from their classes that were, in turn, staffed with a substitute 
teacher so that in-service teachers could attend a 90-minute training session. During this 
session, in-service teachers consulted with an ISU faculty and AEA technology consultants 
regarding the integration of technology in a lesson or lessons planned (Schmidt, Thompson, 
& Michelini, 2001). Prior to this consultation, in-service teachers submitted a plan focusing 
on curriculum integration and highlighting the link between the curriculum standards and 
benchmarks guiding their practice. The technology consultants accessed this model as being 
sustainable. 
We try to focus all our initiatives towards curriculum integration.... The 
professional development activities we conduct were not at the skill level but at the 
curriculum integration level. We really tried to stress that [curriculum development] 
within our school districts. So often they [teachers] are just looking for the skills 
because they are not ready for the curriculum integration. We embed that curriculum 
integration into the groups that we consult with. 
There is a more "techy" group called the Technology Coordinators who focus 
more on skill acquisition. They meet five times per year ... even though they are the 
"techy" people; we provide leadership activities for them each time .... Our 
professional development charter is to focus on sustainable curriculum integration at 
all times .... We assist the districts but many times the focus is just on the skill level 
and finding a trainer. We go beyond that so that teachers can integrate technology 
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seamlessly in the curriculum and meet the standards and benchmarks for student 
learning. (AEA Consultant 2, Interviewed November 19, 2003) 
Partnership with the AEA is focused on providing teachers with pedagogy to successfully 
integrate technology into the curriculum and make a difference to student learning. Utilizing 
the expertise of the AEA technology consultants helped university partners to be very 
efficient in preparing both pre and in-service teachers to focus on curriculum integration, 
rather than simply on skill development. Another successful partnership that stressed 
curriculum integration was between the teacher education program and the TWT faculty in 
the ENGR College. 
College of Engineering (ENGR) Partnership 
Partnership with the ENGR College to deliver the TWT course existed prior to 1996 
when the course was first delivered to education majors. This course was created to 
introduce students to aspects of science, engineering, and technology through a collection of 
hands-on laboratory experiences (ISU's Toying with Technology Web site, 2004). The 
partnership between both colleges had an interesting beginning, recounted the TWT faculty 
when asked to describe such a partnership. 
Frankly, the TWT course started out in 1993 as a selfish recruiting tool before we 
teamed up with the COE. We needed more students to enter the field of engineering. 
Another professor (now deceased) and I started this course .... We started this 
program doing robotics and many different kinds of engineering activities with pre 
and in-service engineering senior students. Later on, by using LEGOs® we managed 
to migrate the [TWT] course down to the freshman engineering level. 
We did that so well using LEGOs®, that when high school kids came in for 
tours we incorporated this as one of the activities .... It was just mostly high school 
juniors and seniors who were possibly good in math and science and probably 
thinking about going into engineering, who were exposed to these engineering 
concepts. Pretty soon we [opened up the course] saying, you do not have to be good 
in engineering and science to learn the [engineering and science] concepts. 
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In fact, the literature says you want to catch special targeted groups for 
engineering, which includes women and minorities around middle school age and 
even before that.... Therefore, we migrated [the TWT program] down further and 
tried to hit a general audience ... not necessarily people who were engineers or, who 
were sure they were going to be engineers. It was the whole general population, 
hoping we would excite them [students] and that they would decide to go into 
engineering. 
And then we decided that we were only two people and we could not reach 
many young students.... However, if we trained the teachers ... they would reach 
a broader audience earlier. So we [approached the teacher education faculty] and 
decided to  s tar t  th is  c lass  in  1996/7 academic school  year  for  educat ion majors  . . . .  
This partnership has continued since 1996. (TWT faculty, Interviewed October 22, 
2003) 
With this strong partnership in place, it was a natural fit to include the TWT faculty in the 
grant writing process for renewal in teacher education. From the beginning of the grant 
writing process, the TWT faculty was invited to participate and became involved in the 
project. 
I became involved right from the beginning [of the grant writing process]. I wrote 
just a little piece regarding the TWT class .... TWT is just one course in a 4-year 
undergraduate education curriculum. For the PT3 grant, the idea was to integrate 
technology throughout the teacher education curriculum. This course [TWT] was a 
natural part of it because it is all technology; so it became one piece of that proposal. 
The Co-PI's were the primary writers and I contributed here and there to the proposal. 
So I have been involved before [PT3 funds] were granted... from the writing [grant] 
stage. (TWT faculty, Interviewed October 22,2003) 
The partnership between the COE and the ENGR College was sustainable because there had 
been a structured curriculum change to incorporate TWT in the 4-year plan for teacher 
education majors. TWT is a part of the courses in the 4-year plan for pre-service teachers, 
and this course has been institutionalized. Based on its institutionalization as well as the 
commitment from leaders, it is sustainable. 
The partnership was developed before the PT3 grant. Of course, it became stronger 
with the PT3 grant monies and it continues on even now .... I think the important 
part is the commitment on both sides. I think it was good for the COE. [Students] 
enjoy the course. They like to have that engineering and strong science aspect in their 
146 
program. The ENGR continues to be very supportive of the course. The ENGR wants 
to do this. They [administrators] see this as a way to increase the pool of engineers 
by starting with little kids and "growing" some more engineers. 
So, the [ENGR] College is very supportive to the tune that our Dean in 
Engineering and the Dean in Education helped to start a nationwide effort now called 
the Dean's Summit.... The Dean's Summit facilitates pairs of Deans from ENGR 
and COE who are fostering collaboration in their own colleges. Our collaboration at 
my level with the co-principal investigators actually started before that. We may 
actually be the drivers who got them thinking about [the Deans' Summit] and now it 
is a nationwide effort. 
There is a conference each year called the Dean's Summit.... So the Deans 
are very supportive of the partnership [TWT course], I get a budget allocation from 
the ENGR Dean to run the [TWT] program each year. So engineering pays for this 
program and the education majors are our consumers. (TWT faculty, Interviewed 
October 22, 2003) 
An important part of any collaborative effort is that of commitment from all stakeholders 
involved. The TWT course is a classic example of individuals working together for the good 
of educating future teachers. This collaborative effort extends beyond the teacher education 
program to now being a partnership of national significance. Thus, key administrative 
persons have supported this program over the years, and their partnership evolved into the 
Deans' Summit. This extended partnering arrangement strengthens the fact that 
sustainability is dependent on strong support from key personnel. 
Theme # 5: Strong support from key personnel 
One of the key strategies for sustaining technology innovations in teacher education 
was having strong support from key personnel. In this study, key personnel were identified 
as administrators (deans, department chair, principals) and leaders in the field (master 
teachers) in elementary schools. Each key personnel will be discussed in the next section. 
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Deans 
At ISU both the COE and ENGR deans and department chairs were important 
stakeholders for sustaining changes in the teacher education program. "If technology is 
going to be an integral part of our vision for the future, educational leaders must use 
technology as a catalyst for reform efforts in education" (U.S. Department of Education, 
1999, p. 6). In this regard, these administrators were cognizant that in our technology-laden 
society, technology should catalyze changes in the renewal of teacher education. Both Deans 
were in full support of the changes proposed for restructuring the teacher education 
curriculum, whereby TWT would be taught out of the ENGR, with education majors as the 
primary consumers. In this regard, the administrators could be seen as an important tool, 
postulates Co-PI 1. 
I think probably one of the most important tools is the support of administration. I 
mean the support of the Department chair and the support of the Dean, not necessarily 
the financial support but their support for integrating technology in teacher education. 
(Co-PI 1, Interviewed, November 14, 2003) 
As a former administrator, Co-PI 1 had a clear understanding of the roles administrators play 
in brokering success for a project. Therefore, it is crucial that administrators be introduced to 
projects and activities within an academic unit so they can become committed to 
accomplishing project goals and objectives (Fullan, 1992). TechCo's coordinator, Ms. 
Samba, suggested that the Dean was also a driving force behind the culture and successes 
within TechCo, and by extension, the TEP. 
I think our Dean really kind of makes things work for us just because he is the type of 
person he is. He is just so supportive and so direct. He is not "out there." He is with 
us, and I think that is very important. And he makes the faculty and staff feel 
[supported] too. (Ms. Samba, Interviewed November 3, 2003) 
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Support from key administration personnel was key in the partnership between COE and 
ENGR for delivery of a foundation teacher education course, TWT. With commitment from 
the Dean in promoting interdisciplinary courses across colleges, this interchange can 
strengthen and motivate faculty to continue being creative and innovative (Hecht, Higgerson, 
Gmelch, & Tucker, 1999). Another administrator that was committed to technology 
integration in the TEP was the C&I department chair. 
Department chair support 
The COE and ENGR assistant department chairs were supportive of technology 
activities. The support was felt because they were in keeping with the change in times as 
well as the emphasis on research. The change in times features the need for students to 
become technology literate to function in the 21st century (Bates, 2000). The COE chair 
suggested that the emphasis on research carried out in the CTLT was important as one of the 
avenues for sustaining technology innovations in teacher education. 
I guess I think the department has shifted its emphasis over the past 20 years. Part of 
those shifts relate to changes in policy and the use of technology. We moved to a 
[teacher education] program focusing more strongly on research. So there have been 
changes in policies, allowing faculty to reduce course load .... That does not only 
impact technology faculty but it certainly supports the work of CTLT [collaborators]. 
CTLT has done a very good job ... or the people ... in seizing an opportunity 
and taking advantage of the ways of dealing with that opportunity. One of the bright 
things they did was to redesign the curriculum years ago .... What that did was to 
create a way for supporting a large number of graduate students. In turn, the 
graduate students helped to support the research programs and technology integration 
efforts of CTLT. (C&I chair, Interviewed October 25, 2003) 
Support by the chair, who continues to be a key leader in the TEP, proved crucial in the bid 
to renew teacher education. In his role, the shift in the department to a stronger research 
based unit was facilitated. Even though the C&I chair came on board halfway into the 
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TechCo project, his contributions were important for the project to move forward. Although 
the C&I chair conceded that he was "not as familiar as [he] probably should be" [with the 
day-to-day activities within TechCo], he was knowledgeable of many TechCo initiatives that 
were being pursued. He stated that he was "pleased with the program" and knows "it has 
been running well". In his position, the C&I chair continues to foster "the supportive 
environment that allows changes [regarding technology integration in the TEP] to happen" 
(C&I chair, Interviewed October 25, 2003). In so doing, he outlined his personal goals for 
sustaining technology innovations as: 
I think I want to help provide the resources that allow us to do the jobs we want and 
need to do . .. including where technology fills in and helps us do those jobs in ways 
that are useful. We will find ways to do it. So I guess my personal goal is to be 
helpful to the department in sustaining the people in doing the things they want to do. 
And it is not necessarily tied to technology, per se. 
The goal is to help produce teachers who will help produce people [effective 
citizens] who are self-regulating, independent learners, and teachers having a good 
conceptual understanding of their content areas .... Well, if that's the goal and the 
technology serves that goal, then I want to support it. [However], I am not interested 
in supporting [technology] simply as an add-on. (C&I chair Interviewed October 25, 
2003) 
Important issues were raised by the C&I chair surrounded his support for the people and 
activities being carried out in the department, whether linked to technology or not. 
Additionally, he viewed the need for technology support as an integrated framework rather 
than piece meal with technology as an appendage. The focus of the TechCo project was on 
simultaneous renewal, whereby technology was integrated in teacher education curriculum 
and elementary schools. With this outcome in mind, the full support of the C&I chair was 
thrown behind this project when he came on board. The ENGR chair also supported the 
initiative. Having the TWT faculty as the assistant department chair in the ENGR College 
150 
was an asset to the integrative efforts as well. Together, the TWT faculty worked 
collaboratively with the department chair in ENGR to make the partnership a sustainable 
reality. Support from key administrative personnel, including elementary school principals, 
was crucial to the life-blood of preparing tomorrow's teachers to use technology. Principals 
in the elementary schools echoed this view as well; and they, in turn, supported TechCo's 
activities based on curriculum integration. Attention will now be turned to principals as key 
support personnel. 
Principals 
Principals were asked what they hoped to accomplish from the partnership strategy 
with ISU and responses were as follows: 
By participating in the grant the hope was that our staff [learn how to] totally 
integrate technology in instruction and that they feel very competent in this area. In 
addition, students should feel confident in this area as they see technology integrated 
in all areas of instruction .... Teachers would be able to monitor student 
achievement when technology is integrated in what we do [simultaneously], 
maximizing those opportunities. (Principal 1, Interviewed November 18, 2003) 
Again the theme of purposeful technology integration was echoed in the response of 
Principal 1. Technology being infused seamlessly in the curriculum and aligned to standards 
and benchmarks were important themes for Principal 2. 
Well, I was not here when [TechCo project] started, so I did not have any hope at the 
beginning. But when I came, I guess my hope was to continue learning about 
technology and how to infuse technology into the curriculum based on the standards 
and benchmarks at various levels. I think, in teaching the curriculum we simply need 
to use technology as a vehicle to help teachers facilitate student learning. (Principal 
2, Interviewed December 10, 2003) 
The focus of the TechCo project was that of technology integration in the teacher education 
curriculum. Two principals showed strong support for this effort. Conversely, the third 
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principal came on board much later in the project and was not fully supportive of all project 
activities. Her views regarding what she hoped her school would gain from participating in 
the project were as follows: 
Because I was not part of the whole thing [grant negotiations and implementation 
plans] it is hard for me to say [what I hoped for].. . and I changed things so much 
[since I came]. My philosophy about technology is different than what had been put 
in place here. So, I don't know. (Principal 3, Interviewed November 17, 2003) 
Support from key administrative personnel such as school principals was crucial to the life-
blood and sustenance of any given project, including TechCo. The lack of support for 
technology integration in the curriculum by one principal led to very few or no resources 
invested in supporting technology integration. The final key personnel that supported 
technology integration within the TechCo project were master teachers who worked both at 
ISU and in elementary schools simultaneously. 
Master teachers 
A master teacher was selected to assist with technology integration efforts in 
the elementary schools. Furthermore, the master teacher was a liaison between ISU 
and the elementary schools. From the documents analyzed, the criteria for the 
selection of the master teacher were the teacher's effective use of technology in 
his/her classroom, as well as the willingness and availability of this teacher to 
participate in the TechCo project. His/her duties in this position was split 50/50 with 
the master teacher spending half the time at ISU, teaching an entry-level technology 
lab class as well as scheduling and coordinating activities in the project. Conversely, 
the other half of the time was spent in elementary schools modeling effective uses of 
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technology, facilitating workshops for in-service teachers, and providing one-on-one 
mentoring activities. This role of the master teacher in both constituencies 
simultaneously was crucial for enhancing visibility, seamless communication and 
continuity, while providing help to in-service teachers as they worked at integrating 
technology in their classes (Schmidt, Thompson, Davis, & Michelini, 2002). The 
strategy of having a master teacher was seen as an essential component of the success 
and sustainability of preparing tomorrow's teachers to use technology, suggested 
participants. 
Another [strategy] was the master teacher who acted as a liaison between the schools 
and [ISU]. The first year when the master teacher was in place, [this strategy] 
worked kind of how we wanted it to work. In that, a teacher from one of the 
partnering elementary schools was released from her duties to be on campus learning 
about technology integration. Conversely, in another school district, this release was 
not possible; however, we were able to assign one of our graduate students as the 
master teacher ... that was another strategy that helped us in terms of support. (Co-
PI 2, Interviewed October 20, 2003) 
Master teachers were placed in only two of the three elementary schools in this study, due to 
scheduling. The master teacher played a crucial role working collaboratively with ISU 
faculty and AEA technology consultants to deliver staff development training. As part of the 
in-service teacher training, further support was received from the master teachers. For 
example, in one urban school 
We did a lot of in-service training, workshops, and one-on-one support with teachers 
... having the master teacher, it was easier for me to work with someone from ISU as 
well as my teachers. Ms. Samba came down all the time. We had one master teacher 
last year and the year before that we had the other master teacher .... That was great 
for us ... I had an extra pair of hands here to support whatever I was doing in terms 
of helping teachers integrate technology into their classes. But without the added 
help from the master teacher ... it is tough. 
As I mentioned earlier, I am not only the technology coordinator, I am the 
math coordinator and I have administrative duties as well. I am also responsible for 
professional development of teachers and so sometimes if I am not doing something 
153 
with technology integration, I have to do something in those other areas. (Techno 1, 
Interviewed November 11, 2003) 
The strategy of having the master teachers as leaders was a successful strategy that helped to 
foster renewal in teacher education. Technology coordinators valued having the additional 
help they received in their schools to accentuate technology integration efforts within and 
across the elementary school curriculum. However, this strategy was not sustained because 
there were no more grant monies to fund this position. 
Summary of Data Answering Research Question # 1 
Based on the interview data, three primary strategies were identified for sustaining 
technology innovation in teacher education: (1) making technology an integral part of the 
pre-service and elementary school curriculum, (in this regard, there were changes made to 
the teacher education curriculum, enhanced by redesigning the physical space to 
accommodate technology use); (2) fostering strong collaborative partnerships among key 
stakeholders including TWT faculty from the ENGR College at ISU delivering a core course 
and the AEA providing staff development activities for in-service teachers; and (3) strong 
support was received from key personnel including deans, department chairs, principals, and 
master teachers. Together, these strategies have and continue to form the strong base for 
sustaining many technology innovations in teacher education. It is important to note that 
these strategies were directly linked to people, not just the tangible hardware and software, as 
identified by Co-PI 1, who spoke about people resources reflectively. 
As I think about those [strategies] we employed for technology innovations, a lot of 
them were people-based instead of the [physical hardware and software] focusing on 
the development and support for our "head wear"—kind of our "live ware" rather 
than focusing too much the hardware. (Co-PI 1, Interviewed November 14, 2003) 
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Many times individuals are tempted to think only about the physical resources as technology 
innovations. In the quotation above, attention is drawn to the people or "head ware" that kept 
technology innovations in motion in this study. These strategies did not come about easily, 
and many challenges were encountered and overcome to succeed at preparing tomorrow's 
teachers to use technology. In keeping with research question two, focus will be turned to 
challenges for sustaining technology innovations in teacher education. 
Research question # 2: What Challenges are Encountered when Trying to Sustain 
Technology Innovations in Teacher Education? 
Ten questions were asked in this section of the questionnaire, addressing challenges that 
participants faced in each respective constituency supporting teacher education. Participants 
identified six major categories of challenges, (Figure 4.4). Time and funding were the 
common challenges identified by all participants interviewed for this study. 
Figure 4.4 shows the six major challenges: time, funding, resources, people, support, 
and policy identified by participants in all constituencies supporting teacher education for 
this case study. Each challenge is addressed in the next section as a deductive theme, infused 
with quotes from participants. 
Theme # 1: Time and funding 
Time and funding were the two primary challenges unanimously identified by all 13 
participants who were asked to list the top five challenges for sustaining technology 
innovations in their constituency. Hence, both time and funding are in the outer circle of 
Figure 4.4. In this section, time and funding are grouped because the lack of one impacts and 
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is impacted by the other. According to participants, both lack of time and funding 







Figure 4.4. Challenges to sustaining technology innovations in teacher education 
For example, Principal 2 indicated that money constituted her five challenges in which all 
other challenges nested. 
[In terms of challenge] it's the money. It's the money because money drives 
everything else. Money allows me to have substitute teachers so I can find the time 
to conduct professional development activities with my staff. Money allows us to 
bring in the brightest and the best for professional development activities. It's all 
about money. I have one challenge and it is the money. (Principal 2, Interviewed 
December 10, 2003) 
156 
In this regard, it was funding that allowed this principal to accomplish her goals for 
technology integration and the lack of funding hindered progress in this area. In this same 
school, the technology coordinator emphasized the lack of time as the bigger of the two 
challenges. 
The biggest [challenge] to me now more than the money or anything else is time. 
Teachers do not have time anymore. Beside all the things we have to do along with 
teaching there isn't enough time in the day .... Nobody, [i.e., no teacher in this 
building] comes at 8:00 am and leaves at 4:00 pm. If they do that, it's because they 
have a big bag of [school work] to take home and work on. 
There isn't a teacher in this district that works 8-4 .... So teachers are all 
busy from the time they get [to school] until they leave. And, if you continue to add 
stuff [more requirements] to [the teaching load] at some point you are going to hit the 
breaking point. And I do not want technology to be the breaking point. I do not want 
it to be the 'straw to break the back' [of my teachers]... that is one of my challenges 
to try and make it so that [technology] does not take any more time out of [teachers'] 
day than it has to. (Techno 2, Interviewed December 8, 2003) 
Protecting teachers' time was very important to Techno 2 so that teachers were not stressed 
out due to the added demands made of them to integrate technology in the curriculum. 
In the section that follows, attention will be paid to specific factors that precipitate 
challenges, identified by participants as impacting funding. These factors include: 
• Recession in the national economy 
• Inadequate distribution of technology resources 
• Careless spending of limited funds 
Each factor will be discussed briefly to show the impact on funding, which becomes a 
challenge for constituents trying to sustain technology innovations in teacher education. 
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Recession in the national economy 
The C&I chair indicated that the massive budget cuts in the education budget have 
roots in the sluggish national economy. This has resulted in freezing of funds in some areas 
as well as an over reliance on grants for additional funding to balance the budget. 
I think the other driving force [of challenges] is the national economy. External 
funding is one of the things that help us survive .... Budget cuts are going to get 
worse. This academic year there will be an additional 2.4% cut in the budget at ISU. 
[Invariably] this will impact our spending on technology. I think that probably the 
Bush government has moved from a sort of support for technology in education to 
focus on areas that are easily measured and have a direct link to student learning 
outcomes .... Therefore, educational programs will have to demonstrate themselves 
though experimental [scientific-based research] work in directing student 
achievement as measured by standardized testing. Well, if that is the criterion, then 
there are even more challenges down the road. A lot of the work in technology that 
we have done has not necessarily taken that sort of worldview. (C&I chair, 
Interviewed October 25, 2003) 
According to the C&I department chair, the challenge stemming from the issue of funding is 
nested in the recession of the wider economy. Also, he does not envision a change in the 
amounts and frequency of budget cuts for education in the near future. For Co-PFs, the issue 
of time and funding were identified and shown to be intricately linked to activities affecting 
faculty development in the COE constituency. 
First, keeping faculty technology updated takes time and money. Therefore, is a 
financial challenge to find the money to do that.... We are not concerned about 
technology for students at this time ... just the [updating] of faculty technology is a 
big one. 
Second, providing support for faculty wanting to integrate technology into 
their classes. What I am thinking about there is people support. So workshops, 
mentoring, and those [activities] where faculty can learn new strategies .... Again, 
this is linked to time to work with faculty and money to pay the individuals providing 
the support. 
Third, providing rewards for faculty working in this area so they are getting 
pay back for the immense amount of time they have spent and will spend learning to 
integrate technology into their courses. 
A fourth challenge is hiring faculty who brings this [technology] expertise to 
us so that we are continuing to grow and change. 
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The fifth challenge related to the others is [technology] changing so quickly 
none of us will be able to keep on top of [these changes] and money is required to 
obtain the hardware and software for us to keep up with these [changes]. So, there is 
always this need for more technology, more training, more new ideas, [more money 
and time], and that's sort of a two-edged sword .... But it is also a challenge to keep 
up and respond to these changes in education because of the funding structure. (Co-
PI 1, Interviewed November 14, 2003) 
Co-PI 1 reiterated that the challenges she faced with sustaining technology innovations were 
related to time and money, and they impacted the activities she could carry out with faculty. 
TechCo's project leader sums up the challenges she experienced regarding sustainability and 
suggested, "I think by far the first challenge is time and the second challenge is money" (Ms. 
Samba, Interviewed November 3, 2003). Similarly, time was featured as the major challenge 
for Co-PI 2. 
I think time is a huge challenge. I will go with the literature, because it takes time 
to learn to integrate technology. Like today, I took the time to learn how to use the 
[assistive technology applications] in order to help a faculty member. Frankly, I'd 
rather spend the time working on something else but you have to make time to 
support the faculty. Technology can be so time-consuming. But I think that's okay. 
(Co-PI 2, Interviewed October 20,2003) 
Because of the mission to support faculty in preparing tomorrow's teachers to use 
technology, spending the time to learn the application was time well spent. In fact, learning 
to use technology can be time consuming argued Co-PI 2. At this juncture attention will be 
turned to hearing the views of principals regarding the challenges they faced in sustaining 
technology innovations. 
School constituency 
According to Principal 1, "the challenge in terms of funding is in light of the budget 
cuts. I have to rely on grants [like the PT3] to support staff development and equipment 
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needs for the building" (Interviewed November 18,2003). Over reliance on the hope of 
acquiring grants can be a big risk taken because not all grants are funded. Whereas money 
was the primary challenge for Principal 2, time was the primary challenge for Principal 3. 
Well, the biggest challenge is time now that we are very focused on reading and math 
and I guess time for professional development. Somebody has to come and help us as 
a staff and give us ideas for technology integration. [The help I am asking for] has to 
be on going. We have on-going professional development in the district for reading 
and math. But we need some on-going professional development for technology 
integration in my school. (Principal 3, Interviewed November 17, 2003) 
Another challenge directly linked to funding was distribution of resources. 
Inadequate distribution of technology resources 
In one interview, the interviewee indicated there were some disparities in resource 
distribution due to funding constraints. In order not to duplicate information, resource 
allocation will be looked at later in this section as a separate challenge. In addition, Apple 
business partner, Skip, identified careless spending of limited funds because of a lack of 
understanding about academic computing by decision-makers as a challenge. 
Careless spending of limited funds 
Having a clear understanding of what educational technologies are appropriate based 
on the educational needs of the learning organization, reduces unwise spending on 
technology. In answering the question what challenges Apple Computer Inc., was facing 
Skip expounded 
Oh, there are lots of [challenges] .... The first and the foremost challenge that we 
face is a lack of understanding of academic computing by decision-makers who deal 
with instructional technologies in institutions. You generally have business people in 
educational institutions who care about networking, help desks, and up-time. They 
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want to be able to run personnel systems and personnel, and that is where they spend 
all the money. So, they [decision-makers] sit and think they are spending millions of 
dollars on technology but it does not have a 'dang' thing to do with whether or not 
students learn something. And that's a huge problem and that's a problem in K-12 
schools as well. That I would say is the biggest challenge. 
The second biggest challenge is there is a move to acquire more and more 
technology resources .... The technology industry constantly rolls out truly 
proprietary technologies. [These technologies] are put into people's hands and then 
people find out later down the road that it's for propriety and they have been locked 
out of using anything else .... So you have an awful lot of people who have been 
backed in a corner where they have no choices about what they are doing with their 
technology. 
It is kind of one of those things that once you get so far down a bad road .. . 
the cost of turning around and coming back and starting over again is prohibitive, 
[therefore], people just keep putting up with walking down a bad [technology] road. 
And there is a lot of that going on, forcing people to spend limited money on 
technology over and over again. 
The third challenge is money... just like every other corporation in America, 
Apple Computer Inc., tries to watch our costs and our budgets and everything else 
and people like me are stretched pretty thin and do not have the ability to invest the 
time and effort I really would like to working with our accounts and our customers. 
I could literally spend full-time doing nothing but working at ISU and I have two 
states. But, that is kind of the nature of the beast, too. It is hard to [find time] to be 
everywhere you are needed. (Skip, Interviewed October 29, 2003) 
Indiscriminant spending on technology by some decision-makers is contradictory to the issue 
that schools and university personnel are asking and clamoring for more funds to spend on 
technology acquisition and utilization. In Chapter 5, contradictions will be discussed and 
analyzed using ATF as the primary theoretical framework in this study. In summary, the first 
theme related to research question 2, time and funding, were identified by all participants in 
the five constituents as two primary challenges including people, where all other challenges 
were nested. 
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Theme # 2: People 
In this section, people are looked at as posing challenges to sustaining technology 
innovations. Participants identified people's attitudes towards technology, tensions among 
individuals, a lack of visionary leadership, fear and resistance to change, and teacher turn 
over as challenges in their respective constituencies. 
People's attitudes towards technology 
Teachers' attitudes toward technology integration were identified as a prominent 
challenge one of the technology coordinators faced in her school, especially in the early part 
of grant activities. 
Believe it or not [teachers'] attitude is my number one challenge. Even though 
money would really do us a lot of good, attitude is number one. Like I just shared 
with you, people still view technology as this little thing over there that has ... let us 
say—nothing to do with literacy .... For example, a reading teacher thinks all 
he/she is required to do is teach reading. He/she does not realize that using 
technology in reading can help kids with literacy. 
If kids know how to get on-line and do a search if they are working on a 
composition paper... they need to be literate enough to know how to get on-line and 
do a search to find research articles or a book or something to help them in the 
writing and completing of their papers. Teachers do not realize that they need 
technology literacy to help students. So, [teachers] attitudes towards technology have 
to change. That's the first thing. (Techno 1, Interviewed November 11, 2003) 
In strengthening the call for a change in people's attitude towards technology, another 
participant elucidated: 
There are some people who think that technology has not shown to do anything useful 
in education .. . and that there has been no advancement in technology since the 
printing press ... other than helping us word process better. But in many ways you 
can have that debate. So I think people's individual attitude is a challenge. (C&I 
chair, Interviewed October 25, 2003) 
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It was not uncommon for some individuals to display negative attitudes towards technology 
integration in the teacher education curriculum. However, accommodations were made to 
hear and respect all views expressed. In some cases, the uncommitted attitudes towards 
technology integration led to tensions, to which our focus will now be turned. 
Tensions among individuals 
A prominent feature of the challenges identified by participants was tension among 
individuals. In the interviews, participants were asked to discuss any tensions that may exist 
in their constituencies regarding sustaining technology innovations. Participants presented 
the following highlights regarding tensions. 
There were some [tensions] only because you are working with people .... Our 
teacher education program tends to be fairly disjointed. In that, [we have] faculty 
who teach the courses, then we have another group [of faculty] taking care of the field 
experiences, and a third group taking care of student services .... As a result, the 
department has really never come together real well in terms of the right hand 
knowing what the left hand is doing .... However, the field experience and student 
services staffs all do a great job for our pre-service teachers. 
When I heard at one meeting that electronic portfolios were a waste of time, I 
looked at myself and said, well that is my fault. I did not take the time to educate 
people in that area. It does take a huge chunk of time but it is worth the investment in 
our students .... It is almost a disservice to our students and a disadvantage if they 
do not have any kind of professional portfolio prepared [when they graduate]. They 
go out with a resume and a letter of application. And have never been nurtured to 
collectively put together a portfolio. So I think that is one area of tension. 
I think, too, another [area for tension] that popped up in the TechCo cohort 
was students who used their laptop computers in some classes they were getting 
mixed messages that laptop computers were appropriate in some classes but not in 
other classes .... Some faculty members felt that using laptop computers in class 
was distracting rather than enhancing student learning. [To reduce the tension] some 
students chose not to use their laptop computers in selected classes. 
One of the things [students] said was, "I did not want to be seen like I was 
better that the others." It was kind of the humble mentality we see in some of our 
students .... Soldo not think we were really prepared and thought about how 
students use of laptop computers in their classes for word processing, Internet 
searches, and so forth [would be received by faculty] .... I do not think we gained 
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sophistication with our thoughts on how to really enable students to use it 
[technology] as a better learning tool than just defaulting to some of those old "stamp 
guys" (traditional pencil and paper note taking technique). And so I thought that was 
interesting. That whole revolution of laptop computers in classes is now looked at as 
lessons learned. But I do think there were some tensions regarding students' use of 
laptop computers in some classes. (Co-PI 2, Interviewed October 20, 2003) 
Because of the large size of the teacher education constituency, some tensions resulted from 
a lack of clear communication among teacher education faculty and students. For example, 
there were no discussions, rules, regulations and/or expectations outlined regarding the use of 
laptop computers in classes. This lack of communication catalyzed some degree of tension 
among faculty and TechCo 1 cohort of students. Having learned from the tensions developed 
as a result of lack of communication regarding TechCo 1 cohort of students, dialogues were 
facilitated about the use of laptop computers in classes. The tensions developed in the 
teacher education constituency at ISU were different from the tensions experienced in the 
elementary schools. 
Tensions in elementary schools 
Whereas the tensions identified were specific to ISU's teacher education 
constituency, tensions in the schools were not at the building level per se, but at the school 
district level. 
You know [the tension is] not so much within the building. If there is any contention, 
it is within the district. We have as a district in which it still exists today that literacy 
is a high priority and rightfully so and much of our dollars and efforts [are spent] to 
support literacy and training of staff. There has in all of the training very little 
directed towards technology use. 
I have been involved in that training as an administrator for the last year and a 
half now and been quite knowledgeable prior to that and [technology integration] has 
not been one of those [constructs] that are integrated into the training .... So there is 
a feeling in the district that there is an unbalanced and an unequal distribution of 
dollars within the building and how those dollars are being used in terms of training 
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and personnel for supporting technology training. (Principal 1, Interviewed 
November 18, 2003) 
Principal 3 corroborated tensions in the school district. 
There are always some people who say there is something else that we need. The 
reading teachers do not want to put their students in front of the computer. They want 
to put them in front of a book. So many of them have not made the connection as yet 
that they can still make the text real by making real world connections using 
technology as a vehicle and as a skill-building piece. But, I do understand their 
thinking because their training has been different. (Principal 3, Interviewed 
December 10, 2003) 
The tensions identified were not conflicts per se; rather, they were natural phenomena that 
characterize people groups (Kuttii, 1996). Participants indicated that these tensions could be 
reduced and/or eliminated over time through clear channels of communication and 
commitment on the part of all constituency members. 
Tensions are generally resolved through conversations .... The more you educate 
people the more you broaden their knowledge base and give them different handles 
[to hold on to]. With adequate information, they are going to make better-educated 
decisions .... So, I guess I believe in the power of knowledge by giving people as 
much information as they can handle to make better decisions. (Principal 3, 
Interviewed December 10, 2003) 
As a result of having knowledge about the tension and/or situation, people are able to make 
educated decisions about becoming committed or not committed to sustaining technology 
innovations. Indeed, one sure way to reduce tensions and conflicts in any organization is to 
communicate clearly with all stake-holding groups so there will be clear expectations 
regarding appropriate and inappropriate actions. Strong visionary leadership is key to 
fostering open channels of communication. With visionary leadership, potential areas of 
tensions can be anticipated and proactive measures taken to reduce or eliminate potential 
tensions. 
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Visionary leadership and support 
In this section the lack of visionary leadership will be briefly discussed, because 
space was devoted to the discussion on leadership in answering the third research question. 
Lack of vision was identified as a challenge and linked to the need for administrative support. 
Leaders must be able to "see the big picture in terms of planning in order to be proactive 
rather than reactive" (AEA Consultant 1, Interviewed November 19,2003). An additional 
call for administrative support as a leadership strategy came from AEA Consultant 2. 
I think both leaders and administrators must be visionaries in seeing the big picture in 
order to support proper use of technology in schools .... Again it may seem the 
same as my personal goal, but it is the focus of districts and schools what we often 
call the big picture ... looking at the broad scope of technology and teaching and 
learning with technology and how technology impacts the learner and the learning 
environment calls for vision. And, it's the big picture from the time of inception to 
the time of accountability. 
I think that's the whole picture. It's not that today we are only going to learn 
how to make tables in Microsoft word. That's a small skill. We need to think about 
how that might relate to the bigger picture of how it might help [students] make a 
table of elements in chemistry. How they may use [tables] in the writing of poetry .. 
. the big picture is not teaching word processing. 
I think it is teaching the process of writing. That is why it is called Word 
Processing. It talks about the process of writing. We do not teach word processing as 
the process of writing. When you write your dissertation that is what you are going to 
do. You think, compose, write, cut and paste, move small ideas. When I taught 
writing that was what I did with technology.... So I think again that the big picture 
is the focus for leaders [who needs to support] classroom teachers. (AEA Consultant 
2, Interviewed November 19,2003) 
When there is no vision among leaders, goals for sustaining technology innovations will be 
thwarted. Therefore, a call for proactive leadership was made along with the need for strong 
administrative support to help teachers integrate technology seamlessly into the curriculum. 
Along with challenge of lack in vision by leaders is the need for pertinent planning to make 
necessary changes occur. The ability of leaders who are visionaries is needed to help people 
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in learning organizations lose their fear and resistance to changes as they relate to sustaining 
technology innovations in teacher education. 
Fear and resistance to change 
Part of the resistance discussed in this section is looped back with tensions among 
some constituent members in TEP. This was clearly communicated by the C&I chair 
participant. 
[Some] people are of the view that [technology brings] nothing new. I think we have 
to be fair, in that there have been uncritical and [unsubstantiated] claims about 
technology... I do not think there is anything magical about technology [in the 
teacher education program]. It is just that there has been some resistance . .. not just 
to the idea of technology integration in the teacher education curriculum, but also to 
the idea that maybe there are some signature areas .... For the department to be 
viable in the university, there must be areas that are signature and pretty strong 
nationally. 
What I find interesting is that some of the resistance comes from individuals 
who do not realize how much they have benefited from having signature areas ... 
Really, this is because there is not enough viability in the external funding and 
research and publications that allow one area to leverage the other. And I think that is 
part of what I need to do as an administrator. .. communicate clearly those benefits 
that are indirect and not obvious to everyone. (C&I chair, Interviewed October 25, 
2003) 
Again, it is through communication and educating stakeholders that resistance to change in 
the TEP will be lowered. The reasons advanced for non-use of technology by some faculty 
members cannot be discounted. Views have to be accepted in the bigger scheme of academic 
freedom. Other resistance identified by project leaders addressed the fear of using 
technology. 
Certainly, [there has been resistance to change in the department].... We have 
faculty who for good reason, in general who resist using technology, and they are 
fearful for good reasons due to the concerns they have about technology use. We also 
have faculty who prefer not to use technology and perhaps some are not working to 
be aware of how [technology] can be useful in their teaching. 
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Again that can become an issue of a lack of time. [Conversely] there are 
people who are close to retirement and may think that is not something they need to 
be doing. So there are barriers. Our approach to these barriers is to work [closely] 
with those faculty members who are motivated to learn and work with the technology. 
Over time, that strategy has worked. I think only two faculty members in C&I have 
not had a mentor over the last 12 or 13 years. So we created this community of 
technology-using faculty; and we have never forced anybody to be a part of this 
community and that has been very important to us. (Co-PI 1, Interviewed November 
14,2003) 
There has been some resistance to technology use in the TEP, but faculty members who 
resisted using technology were respected for their views and stance regarding their personal 
resistance and/or fear for using and integrating technology. Nevertheless, faculty who 
resisted using technology were not forced or coerced into doing so. One potential group 
identified as possible resisters was some faculty members close to retirement. Finally, as 
faculty members approached retirement age, there was a phenomenal change expected to 
take place in ISU's TEP. At ISU, retirement was identified as the primary mode for faculty 
turnover. 
Teacher/faculty turnover "churn" 
Whereas some institutions have experience high rate of faculty turnover, this was not 
a challenge identified in the teacher education constituency. By contrast, a high rate of 
teacher turnover was identified as a challenge and concern in one of the elementary school 
partners in the TechCo project. In this urban elementary school, teacher turnover was cited 
as being very, very challenging, suggested the technology coordinator, with trepidation in her 
voice. 
Unfortunately, yes [there has been a high rate of teacher turnover at this school]. 
Teacher turn over does not support our technology innovation activities or initiatives. 
Because we have teachers who were trained, they go through all of the training and 
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everything and they turn around and leave. Then as the professional development 
individual, I have to start from square one again with new teachers ... [in fact] this 
year we lost [all initial teachers with the TechCo project] except for one 2nd grade 
teacher. This year alone we employed seven new teachers. 
And that's sad. That's the part that bothers me the most. Because it does not 
matter how good a job we do, we are always starting from square one . .. working 
with new teachers, taking them from where they are and helping them to move 
forward with technology integration. So we can still do that, but when we have new 
people who are coming in that are completely new, that makes it even harder .... 
So, when you have a new set of teachers you have to make sure that they know what 
is going on and find out their personal learning needs as well as their curriculum 
needs. After assessing those needs, then we try to meet those needs. So that's 
difficult [with a high rate of teacher turnover], (Techno 1, Interviewed November 11, 
2003) 
When asked the reasons for the high rate of teacher turn over "churn" in that building, 
reasons furnished included promotion to other jobs in order to utilize the technology skills 
learned. Hence, the principal of this school suggested that his school could be viewed as a 
stepping-stone for many new teachers. Principal 1 reiterated the concerns of Techno 1, 
noting that he was extremely concerned about the high rate of teacher turnover in his 
building. Retaining a constant cadre of trained teachers with much energy in his building 
was important to sustaining technology integration activities. With a lot of concern (in his 
voice) Principal 1 indicated: 
This building requires high energy on the part of the staff. It is a building that 
requires a great deal of understanding how to work with children who are [from low 
socio economic background]; children who enter school are at a deficient level.. . 
this means that if students are to excel they [students] have to do more. And that's 
more on the part of the teachers [also]. So it is a building that requires more than 
what I believe happens in other buildings, and replacing teachers frequently is 
stressful. 
But if we are to maintain a high level of competency regarding technology 
integration, it will require hiring and maintaining a constant staff in the building. Last 
year I saw a big shift in the number of teachers who left this building. My immediate 
challenge is to make sure that I maintain competent, caring, and capable teachers to 
work with the children in the building. And I think that [retaining a stable cadre of 
teachers] was crucial to sustaining some of the [innovations] already in place. 
(Principal 1, Interviewed November 18, 2003) 
169 
This urban school with a high population of minority students from poverty stricken homes 
was the only elementary school in the sample that had a high rate of teacher turn over. In 
spite of the "churn" in this building Principal lwas optimistic that attracting and retaining 
teachers with high energy levels, who cared for and were concerned about student learning, 
were his goals. In comparison to Principals 2 and 3, teacher turnover was extremely low in 
these buildings. In fact, both principals indicated that the word churn was too strong to 
describe the rate of teacher turnover in their buildings. 
I do not think there is a high rate of teacher turnover in our [school] district. I think 
when people leave our district it is for one of two reasons: (1) They are either getting 
out of the [teaching] profession for whatever reason (becoming a parent), to go to 
another profession, to follow a different dream or, (2) they move to another area and 
they no longer live around here maybe because of a spouse. But we do not have a 
high turn over rate and our teachers are not highly paid. You can drive five miles 
away to a larger school district and make $8,000 more yearly for doing the exact 
same job. But there are benefits for working here and I think technology is one of 
them. (Principal 2, Interviewed December 10, 2003) 
Even though teachers could get better pay in nearby school districts, they [teachers] opt to 
remain in this school where there is low a rate of teacher turnover. The level of stability and 
retention of teachers is far lower than the national average in both schools. Paradoxically, 
there has been a high rate of administrator turn over in one school district when compared to 
teacher turn over. 
Every year we have had one or two new teachers .. . and I would not consider that as 
a high turn over rate. [However] we have had quite a few new principals. We are on 
the fifth or sixth principal in seven years with the current principal being here now for 
five years .... One principal took a leave of absence for a year came back for a year, 
then her husband took a job some where else in Iowa and she left to join him. But, I 
think she would have stayed if it weren't for that. We have had a new superintendent 
last year. I wouldn't say we have a high turnover rate of teachers here. I believe 
people are happy here. We have great staff; awesome kids; our administration is 
supportive of our efforts. We have good facilities, so for the most part people are 
happy and usually stay here until retirement. We are pretty stable here. (Techno 2, 
Interviewed December 8, 2003) 
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Churn of administrators in this school district raises an interesting phenomenon. Based on 
the interview data and the literature reviewed, frequent change in leadership leads to 
turbulences (Korbak & Espinoza, 2001). However, in this case, frequent changes in 
administrator appeared not to be significant in impacting TechCo project activities or 
sustainability of technology innovations. In the third school district, the rate of teacher 
turnover also was not a challenge. "No, there isn't a high rate of teacher turnover. The 
people who leave do leave for a reason—not because they are unhappy here" (Principal 2, 
Interviewed December 10, 2003). Teachers were generally happy in this school district, as 
indicated by the principal. Therefore, they remained committed to working in this 
environment. Finally, faculty turnover was not cited as a challenge in the COE constituency. 
I wouldn't say that [faculty turnover] is especially high. I think in a typical year we 
have one or two new faculty who resign to go to a different place to teach. 
[However] we are about to enter a time of retirements because of the age range of our 
faculty... but I see that our situation is much more constant than changing. It is not 
uncommon for faculty to leave only when they get to retirement age. (Co-PI 2, 
Interviewed October 20, 2003) 
Understandably, teacher education faculty members were retained for many years in the 
department. The department chair reiterated this point after some reflection. 
Humm! Well, first, I am probably new enough that I do not know if it [the faculty 
turnover] is high or low. I do not think we have had a particularly high rate. On the 
other hand, we have had people leave and we are getting some changes. We are 
going through a period of changes due to retirements. So, over the past couple years, 
and in the next couple years we will be making a number of changes. 
We have had a couple of people leave because of either better positions in 
terms of their personal lives or better positions in terms of their professional lives ... 
So, I guess we are going into a period where some rapid changes [will occur] mostly 
because of retirements ... that is going to allow us to make some changes in the 
program. But I do not think we have churn per se... faculty who left last year were 
here for at least 10 years. So, that's not churn. It's not people coming and going at a 
fast pace. We had one person who came for 2 years and left for a job opportunity and 
actually now that we have an opening in that area I guess [this individual] is 
reapplying. (C&I chair, Interviewed October 25, 2003) 
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In the COE constituency, most faculty members left the department due to retirements— 
resulting in a low turnover rate among faculty. This slow rate of turnover is not seen as 
churn in the TEP. One inference that could be drawn from this steady retention of faculty in 
the COE could be the fact that faculty members had access to technology and the support 
needed for them to learning to use technology. However, in some constituencies, access to 
resources was a challenge. 
Theme # 3: Resources 
Two themes are featured in this section addressing resources. They are access and 
frequent breakdown of technology. 
Access 
The need to have access to people tools and technology resources was important to 
many participants in various constituencies. Where access was denied, several challenges 
were evident. Responses to the issue of accessibility were as follows: 
I think accessibility is always going to be a challenge and we keep trying to answer 
[the question about accessibility] but it is kind of two-headed here. You want to 
support the faculty, but you got to have the [resources] to provide needed support. 
(Co-PI 2, Interviewed October 20, 2003) 
Access must be available to faculty, students, and schools for simultaneous renewal to be 
effected. [With regard to technology integration in teacher education] access to resources, 
and support to faculty become important as well. Access to some extent can be a moving 
target, especially as technology changes very quickly. Frequent changes of technology 
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poses a challenge for learning organizations—especially for learning organizations already 
challenged by the constraints of limited funding. 
Technology is changing so quickly that none of us will be able to keep on top of it. 
So, there is always this need for more technology, more training, more new ideas and 
that's sort of a two-edged sword .... Things are always changing and that is the fun 
of it with its new possibilities .... But, it is also a challenge because you have to 
[try] to keep up with [the frequent changes]. (Co-PI 1, Interviewed November 14, 
2003) 
Depending on the type of learning organization, there may be a large degree of flexibility and 
responsiveness to change, leading to some degree of excitement. On the other hand, rapid 
changes can lead to greater frustrations and challenges. In one school, access to technology 
resources will be improved through the construction of a new building that will house the 
new computer lab facility. 
This building is going to be renovated next year. When we come back the technology 
lab will be part of the library. And to me that makes sense, so that students can 
access hard copy information or they can go and find the information that they need 
on the Internet. So, if a student needs access to information, s/he should be able to go 
to the media center and find what is needed. (Principal 3, Interviewed November 17, 
2003) 
For access in this school, location is very important to the principal. Hence, the media center 
will be part of the total information center [library] where students can obtain the information 
[printed or electronic] they need in one primary location. It is important to note that there 
may be access to resources but this access is reduced when there are frequent interruptions 
and technology breakdowns as experienced in one elementary school. Frequent breakdown 
of the technology led to feelings of frustration among administrators, teachers, and students. 
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Frequent technology breakdown 
One of the challenges identified by participants was frequent breakdown of 
technology equipment. Servers breaking down, printers not working, and a whole gamut of 
technical problems were uncomfortable experiences in this constituency supporting teacher 
education. The technology coordinator in the urban elementary school highlighted this 
challenge. 
Well, the other challenge is that we have [technology] hardware that does not 
necessarily work when we need them to work. We have 12 wireless iBooks that the 
PT3 grant purchased for us. A lot of time we are not able to get the wireless signals. 
And so when I can't get the signals due to [high Internet] traffic at a particular time, 
then the teachers [become frustrated] with the technology, [frustrated] with me, then, 
they give up [trying]. 
So it is tough for me to get them to be as motivated as they were when they 
thought that [the technology] was going to work. It is easier when I work in the lab 
because we have 26 new Dells .... If something happens to the iBooks we have to 
take care of it. [The school district] will not repair [iBooks] because they are trying 
to stay away from the Macintosh computers. And that is why we have all new Dells 
in the computer lab. (Techno 1, Interviewed November 11, 2003) 
In the scenario above, teachers became frustrated when technology did not work. The 
schools working with dual technology platforms (Macintosh and Windows) experienced 
many challenges with technology. Hence, two of the three schools in this study sample opted 
for one platform. This may be the explanation for the school district's unwillingness to 
repair iBooks because they are Macintosh formatted. Both teachers and students were 
disappointed, especially when lessons were designed with technology integration activities 
and they find that the technology did not work. 
A big frustration I can say is that we had technology problems this year in Building B 
that we have not had in the past five years .... Our e-mail and Internet capabilities 
were down 50% of the time .... When we got to the bottom of [the problem], it was 
our server. There was something in our hard drive that was going bad .... It had 
been extraordinarily frustrating for the teachers and the kids ... I am still trying to 
undo some of those damages. 
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The kids now use technology as their vehicle to research and elaborate on 
their projects .... It was really disheartening for me to see kids with long faces 
saying, "I am never going to be able to complete my project. . . because the 
computers are down . ..." That was very, very upsetting to me as the building 
principal and I was upset to see this continue to happen [through out the Fall 2003 
semester], and the district was not able to fix the problem in a timely manner. 
(Principal 2, Interviewed December 10, 2003) 
In this school building the malfunctioning of the technology led to students, teachers, and 
administrators becoming frustrated. In addition the lack of immediate technical support 
compounded this challenge. This led to the fourth major challenge (theme) addressing the 
need for constant support for technology and the users of technology. 
Theme # 4: Support 
In theme number four, support is addressed under the sub-categories professional 
development training for in-service teachers to use technology, mentoring as a means of 
academic support at ISU, and rewards. 
Training and professional development 
In this case, for pre-service and in-service teachers to successfully integrate 
technology in their classes, they needed to see technology-use modeled. More so, instructors 
and in-service teachers needed to learn to integrate technology in their courses/classes. In 
this study, the one-on-one mentoring program was a successful strategy in which 
professional training and development were carried out. In essence, the training faculty and 
teachers received was a strategy for overcoming many challenges identified. The AEA was 
one constituency that provided several professional development-training activities for in-
service teachers. 
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Well, professional development [has been used to overcome challenges]. We have a 
leadership institute once per year where we try to connect with our administrative 
people. We have an Apple mentoring program over six to eight days that is 
connected with curriculum integration .... Teachers and/or principals who attended 
[the leadership institute] made a commitment that they would return and mentor 
teachers in their buildings. And as follow-up this year, we are visiting the schools . .. 
we will be sitting down with the principals and the teachers and say, "describe to us 
how you have accomplished your goals [for mentoring other teachers to integrate 
technology in the curriculum]." Actually curriculum integration is part of their 
school improvement plan and so we help to address that issue. (AEA Consultant 1, 
Interviewed November 19, 2003) 
In this regard, the AEA constituency was the primary provider of faculty development 
training for in-service teachers. By way of contrast, faculty members at ISU also were 
mentored, following the one-on-one mentoring model as one aspect of the class CI 610, to 
meet the specific needs of teachers to integrate technology in the curriculum. 
Mentoring as a part of academic support 
At ISU, many teacher education faculty have been mentored for over a decade based 
on the CI 610 reciprocal mentoring model. In this model, graduate students provided one-on-
one mentoring for faculty who volunteered to be mentored in any semester of their choice. 
The faculty mentoring strategy was also replicated in the elementary schools as part of the 
simultaneous renewal process, indicated Co-PI 1. This strategy was cited as the most 
successful and sustainable strategy for helping faculty to integrate technology in the teacher 
education curriculum. 
The major [strategy] I would cite is the faculty development work and the 
opportunities to work with the students. This strategy provides [sustainable] support 
for [faculty to] integrate technology into their courses. With support from the PT3 
program opportunities, large numbers of our teacher education faculty took advantage 
of those opportunities. 
The PT3 program provided opportunities for many of our faculty to become 
national leaders in their field [specialization] with technology in teacher education. 
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This is in the context of reading, social studies, or multicultural education. Their 
work with technology caused them to emerge as leaders in their fields. Certainly, the 
work they have been doing in their classes would be classified as technology 
innovation. And that is from the digital story telling in the reading classes to the 
connections in the multicultural education classes ... just a number of new 
applications for technology in the TEP. 
We saw similar innovations in terms of our work with K-12 schools. The PT3 
grant provided the platform that has really changed our work with several schools. It 
has been much more collaborative mentoring processes. (Co-PI 1, Interviewed 
November 14, 2003). 
For more than a decade, one-on-one mentoring has been successfully carried out as a support 
strategy for faculty. In constituencies where there is little or no mentoring, challenges will 
persist. Building and maintaining a community of technology-using learners can be very 
beneficial. Even where rewards were lacking, the benefits of working collaboratively in and 
with a community of learners compensated for the lack of rewards, to a large extent, 
reiterated Co-PI 1. 
Typically in teacher education we ask [elementary] schools to do things 
[accommodate pre-service teachers] and there is very little in it for them. More 
strategic collaborations that reward both teacher education programs and elementary 
schools were important innovations coming out of PT3. (Co-PI 1, Interviewed 
November 14, 2003) 
Lack of rewards 
A final challenge linked with support according to participants is the lack of rewards 
for faculty making the time to learn and integrate technology in their classes. There is a need 
to develop an incentive scheme for technology using faculty asserted Co-PI 2. 
Strategies in terms of faculty rewards are something we need to work on. I am not 
sure that we have a particular strategy other than to ensure that the Dean and the 
Department chair recognize this challenge and help us to come up with [meaningful] 
ways to reward faculty. 
Again we all have enough time to do the things are really important to us. 
The question is how to make [technology innovations] important enough 
professionally so that faculty choose to [integrate technology in meaningful ways] in 
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their classes. Because all of a sudden we do not have time to do that, but what we are 
really saying is [technology integration] is not as important to me, as the things I am 
spending my time on. (Co-PI 2, Interviewed October 20, 2003) 
Rewarding faculty-integrating technology in their classes continues to be a challenge in the 
teacher education constituency as well in elementary schools. One technology coordinator 
suggested that rewards for teachers would be an important tool in helping to sustain 
technology innovations. 
Financial rewards [for teachers] would be motivating .... If [financial rewards] were 
there and teachers know that I am going to ask them to come in on a Saturday 
morning for training or I am going to ask them to stay after school for training and 
they were going to get a stipend, they would actually come to me and say "when are 
we doing that [training] again?" (Techno 1, Interviewed November 11, 2003) 
No policies, whether written or unwritten, were in place to provide rewards and incentives 
for technology using faculty and teachers. If constituency members were rewarded 
financially, they would be more willing to participate in technology integration activities. 
From the study participants, it was found that the No Child left Behind (NCLB) Act of 2001 
government policy, the final challenge identified, was starting to pose a challenge for 
teachers and school administrators. 
Theme # 5: Policy 
Specifically, participants were asked what policies posed a challenge for sustaining 
technology innovations. Under this deductive theme the NCLB policy was described as a 
new mandate from the federal government for high stakes testing that posed a challenge in 
elementary schools. 
I think national and state policies [are challenging] because [policies] trickle down. 
For example, with the NCLB legislation there are a lot of things we are mandated to 
do. However, the state has cut the money they were giving to districts [for 
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technology] to be able to do some things that already had been planned. (Techno 1, 
Interviewed November 11, 2003) 
There has been a refocusing of how much funds are spent on technology in light of the 
NCLB. Principal 1 reiterated this observation. 
The NCLB [policy] is one of the areas leading to a little challenge ... but it is 
creating a real sense of how we should be data driven. It is one in which teachers are 
using technology more for managing and maintaining data to support what they are 
doing in terms of student achievement... and I think that technology is helping in 
that regard. 
[NCLB] is an accountability [measure] .... The real difficulty about that is 
this mandate focuses a lot on the standardized testing data. I personally believe the 
students are more than just test data and numbers .... I think that this is sometimes 
left out as some of this data required in the NCLB policy. (Principal 1, Interviewed 
November 18, 2003) 
As an accountability measure, the NCLB requires schools to take on more responsibilities. 
Schools will need to develop creative solutions for meeting NCLB mandates and continue to 
integrate technology into the curriculum. With the added responsibilities came more 
challenges and concerns for sustaining technology innovations in teacher education 
suggested one AEA technology consultant. 
Because of NCLB, we have to take on more responsibilities. Right now we are 
collecting the names of the schools in need of improvement for next year .... 
So, as an employer, I may not be able to work in the technology area as much as 
working with the schools in need of improvement [based on NCLB standards]. 
We will not know [the definite challenges in terms of staffing] until we see 
how we have built capacity in the AEA, and know schools [having the greatest 
needs]. Because NCLB is ongoing, I may not have to devote as much time this year, 
but next year because of the number of schools we will have to work with. That 
could change, and that's probably the biggest concern. (AEA Consultant 2, 
Interviewed November 19, 2003) 
The NCLB federal policy in schools has posed a challenge in some constituents and a 
concern in others. The challenge has to do with schools becoming more accountable for 
student learning by administering high stakes testing. In terms of concern, the focus is on 
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receiving help from educational agencies especially for schools most in need to accomplish 
the standards and benchmarks for NCLB. However, through consistent, strong, and 
supportive leadership, constituencies supporting teacher education are able to sustain 
technology innovations as well as accomplishing the goals and objectives of the NCLB 
policy. 
Summary of Data Answering Research Question # 2 
Several challenges were encountered when trying to sustain technology innovations 
in teacher education. Six major categories of challenges were presented in this chapter. 
They included time and funding, people, resources, support, and policy. However, all 
challenges could be traced back to funding and/or time. The primary strategy proposed to 
reduce and eliminate these challenges was sustainable leadership seen as the lynchpin for 
challenge reduction. Thus, leadership impact will be the subject of the final research 
question in this study. 
Research Question # 3: How does Leadership Impact the Process of Sustaining 
Technology Innovations in Teacher Education? 
In an attempt to answer research question three, participants were asked twelve 
essential questions. Based on the questions asked, the results are grouped under four 
deductive themes. These themes are type of leadership for sustaining technology 
innovations, organization culture, community-building efforts, and legacy or influence on the 
post-grant period (phase 3). In the next section, each deductive theme will be explored. 
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Type of leadership for sustaining technology innovations 
Common themes that emerged from participants' responses included a leader must be 
flexible, a visionary, a team player, a strong communicator, and a good listener. For 
example, with much excitement in her voice, Co-PI 1 described leadership for sustaining 
technology innovation in terms of strong, collaborative, relationship-building efforts. 
I think leaders in this area [of teacher education] must be collaborative, contributing 
members of the department. It is very important that technology is not thrust upon 
people .... And I think leaders can ensure that no one is forced into using 
technology ... they must lead in showing their commitment to teacher education and 
to the larger issues in the department. 
Leaders in this area need to be enthusiastic without being zealots. In other 
words, the leader does not want to create the impression that he or she thinks that 
every answer is in technology or technology is the only [teaching tool for preparing 
tomorrow's teachers]. Rather, the excitement of using technology as an effective tool 
for teaching must be shared. This may be a way TEPs will be able to do the things 
that we wanted to do in teacher education. 
That also means that the leader needs to have a strong knowledge of teacher 
education and a strong vision of what might be. In addition, all the characteristics of 
an effective leader [become important].... But, the person needs to be 
collaborative, knowledgeable, enthusiastic without overdoing that piece, and has a 
strong sense of what [technology] can do to make teacher education better... not just 
using [technology] for the sake of technology. (Co-PI 1, Interviewed November 14, 
2003) 
Hence, it is the individual who possesses the essential characteristics of an effective leader, 
who is able to successfully lead the process of sustaining technology innovations. This 
individual was described as being collaborative, energetic, a gentle evangelist for technology 
but not a fanatic, and being able to motivate others by demonstrating a commitment to 
technology use and integration. In essence, this individual ought to be collaborative, 
knowledgeable, and an open-minded cheerleader, capable of motivating the troops (Tiemey, 
1993) to get on board and be committed to the goal of renewing teacher education through 
the use of technology. 
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I think the leader has to be open-minded and knowledgeable about what technology 
can do and cannot do. He/she [also] must be correctly information .... I think the 
leader needs time to process [reflect-on-action], all these things and be able to 
prioritize them. (Principal 2, Interviewed December 10, 2003) 
In fact, the successful leader also makes time for reflection. In addition, this leader is a risk-
taker who is able to develop and foster an organization climate that is friendly and supportive 
of all involved, even in the face of failing at some activities. 
Organization culture 
On the whole, participants described the organizational climate in their constituencies 
as positive and technology-friendly. The TWT faculty further suggested that technology 
formed the backbone of the culture in his department. 
In engineering, technology is the lifeline. You cannot do anything without the latest 
technology. So we are used to very expensive high-tech equipment and I think it's 
just naturally carried into the classroom. In fact, my particular department, materials 
science engineering, is one of the first [departments] many years ago ... to bring a 
portable computer and projector into a classroom.... [Furthermore] this department 
was in the forefront of [technology use in the classroom] for the ENGR College. 
So, we have been very much aligned with a culture driven by technology all 
along. We have technology carts with LCD projector and laptop that can be used in 
classrooms that have no media equipment.... [Technology use in the classroom] is 
carried over naturally and this helps shape the department culture. (TWT faculty, 
Interviewed October 22, 2003) 
Technology, as a driving force, helps shape the culture in the partnering ENGR College 
constituency, asserted the TWT faculty. Conversely, in one elementary school it was the 
students who were identified as the driving force behind the technology-friendly culture. 
[Looking back] five years later it is the kids that drive the technology culture here. 
You cannot give kids technology at an early age when they are in kindergarten and 
first grade ... then take that [technology] away from the kids. The kids are not going 
to allow that to happen.... They are going to say, "I need this [technology], I have 
to have technology..." and the more we teach kids, the more they are going to 
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compel us to keep [using technology], [Technology use] is a big part of the culture in 
the two buildings I lead. (Principal 2, Interviewed December 10, 2003) 
In these two buildings it was the children who were identified as the driving force behind the 
technology-friendly culture. Many of these young kids were identified as proficient users of 
technology, especially for entertainment. In general, most of the remaining participants 
attributed the driving force behind the technology-friendly culture to the leaders in their 
constituencies. 
In the school constituency, leaders included principals and technology coordinators. 
"In this building, it is the technology leadership offered by the technology coordinator and 
myself as the administrator in this building [who are the driving forces behind the 
technology-friendly environment]" (Principal 1, Interviewed November 18, 2003). 
Department chairs, co-principal investigators, supporting staff, and Deans were also 
identified as the driving forces for the positive technology-friendly culture and climate, 
developed over the years in ISU's COE constituencies supporting teacher education. 
I think the leaders like the [co-principal investigators] in the CTLT [support staff and 
the head of department] are the driving forces behind the culture in the [teacher 
education] department.... I think for me they were role models .... I think our 
Dean [also] makes things work for us just because he is that type of person .... He 
is not 'out there'. He is with us and I think that is important [for building a 
technology-friendly culture in the department], (Ms. Samba TechCo's coordinator, 
Interviewed November 3, 2003) 
Based on the responses of participants, leaders are important in shaping the culture and 
climate within a department in order to make the constituency technology-friendly. Another 
strategy used to build a technology-friendly culture and climate in constituencies supporting 
teacher education was community-building activities among participants in all constituencies 
at multiple levels. 
183 
Community-building efforts 
A wide range of community-building efforts was established to enhance technology 
integration and sustaining technology innovations in teacher education. At the launching of 
the TechCo project, all participants in the five constituencies supporting teacher education 
were gathered to form a "community of technology using learners" (Co-PI 1, Interviewed 
November 14, 2003). Community-building efforts also was seen as an important catalyst for 
renewing teacher education. 
Community-building efforts from the very beginning has been a very important 
piece of how we work at ISU .... If you look at the operations of the CTLT 
downstairs, we really want that to be a community of technology using learners. 
So we are thinking of a community of faculty, undergraduate students, and graduate 
students who are working together to come up with some of the best uses of 
technology. 
And community-building, in my view, is one of the most important pieces 
in technology leadership .... Technology is not something that you impose upon 
people, but it is a tool that can improve what people are doing. [Technology is] a tool 
that can help create an excitement for learning. Whether it is learning about 
technology or learning about what other people are doing with technology.... 
But, the community-building effort is an extremely important incentive in terms 
of sustainability and it is an extremely important part of our vision for technology 
in teacher education at ISU. (Co-PI 1, Interviewed November 14, 2003) 
In order to build and sustain a community among participants from various constituencies, 
community-building strategies included formal and informal celebrations, conference 
presentations as part of the dissemination process, and student technology fair sponsored by 
the AEA. 
Celebrations 
During the grant writing stage, partners from all five constituencies supporting 
teacher education communicated through various technology media such as ICN, e-mails, 
184 
and telephone conference calls. When the grant was received, the first big celebration took 
place at a garden, where all partners met each other for the launching of the TechCo project. 
So we got the grant in September 1999 and in February 2000 we had a kind of 
celebration at the Rieman Gardens as the kick off for the [TechCo] project. And that 
was great. The teachers came, faculty came, and all the project participants [from 
each constituency] came. So it was really a big step I think and this celebration really 
created that community of learners and workers [community of practice]. 
Then every year we had a social for the students at the home of Co-PI 1. That 
was also great because I think [the social activities] broke down any wall that existed 
between and among undergraduates, faculty, and staff.... A greater understanding 
about the [TechCo] project was developed [especially for the cohort members] .... 
So I think that [the social activities helped to] create an environment for the cohort 
students to know they were an important part of this group. That was great and we 
always get wonderful feedback from students [regarding these social activities]. 
[Another celebration activity was] the graduation party for the first TechCo 
cohort of students. The second cohort is going to graduate next spring and they are 
already asking about [their graduation party]. So you see how important [these 
celebrations were] for students .... In the schools we also had celebrations. Like at 
the end of the semester we sent some kind of treats to the teachers where students had 
their practicum .... [The treats were] just to thank [the teachers] for their important 
role in the TechCo project and what they have been doing for our pre-service 
teachers. (Ms. Samba, Interviewed November 3, 2003) 
Celebrations as part of the community-building effort were very important to the project. 
They were carried out in the TEP at ISU as well as in the schools where pre-service teachers 
conducted their field experiences. Another community-building effort identified by multiple 
participants was the presentation of research at conferences as part of the dissemination 
process. 
Conference presentations 
Several participants, including undergraduate students, were involved in researching 
and evaluating the work they were doing in the TechCo project. Therefore, papers were 
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developed and presented at conferences. This accomplishment was a 'brag' point for the 
TWT faculty. 
I have gone to the Society for Information Technology in Teacher Education (SITE) 
down in Florida to co-present a paper with my graduate assistant for TWT. 
[Currently], Co-PI 2 and I are preparing an abstract for a paper to be presented at an 
engineering education conference .... Like I said, I have written papers with 
students who work with me. Some of [the students] are education majors .. . and I 
wrote papers with undergraduate engineering students as well. That's a little unusual 
[i.e., writing papers with undergraduate students]. 
You do not often as an undergraduate student write a peer-reviewed journal 
article for publication. And these kids [undergraduates] are doing that and presenting 
at conferences. So we have done a lot of conference presentations. Another graduate 
assistant and I were just down at the Iowa Technology Conference (ITECH) in Des 
Moines and we did a presentation there. Co-PI 2 had some role in planning, 
organizing, and implementing that conference and that is how we got involved with 
the ITECH conference. 
So, these are some community-building efforts. Another [community-
building effort] from this collaboration was my involvement on several graduate 
students' committees in the COE .... [Ironically], I am on fewer committees for 
engineering students. (TWT faculty, Interviewed October 22, 2003) 
Being a member of several PHD and Master's degree students' committees in COE was 
identified as a community-building effort. In addition, working collaboratively to write 
journal articles and presenting research findings with students, especially undergraduate 
students, was seen as an effective community-building strategy for the TWT faculty. In 
schools, community-building efforts identified included posting of students' technology work 
in the hallway during parent conferences, implementing a student technology club, and 
participating in the annual technology fair sponsored by the AEA. Techno 2 commented on 
the AEA sponsored technology as a worthwhile community-building effort. 
[First], every year I take students to the AEA technology fair. [Second], I have been 
to school board meetings and showed students technology projects. So, I have 
presented [technology] projects to the school board. [Third], I have the technology 
club ... for the past three years, made up of fifth and sixth grade students. We meet 
before and after school. [The technology club members] are like the first line of 
defense for trouble shooting technology issues and stuff. 
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[Fourth], we have a school web page that I created and [continue to] maintain. 
[Fifth], we are planning to do [technology] in-service training in our building ... we 
have not had any for a while .... In the past we had few in-house technology 
professional development training activities that we did working with teachers, 
integrating technology into the curriculum. 
[Sixth],. . .  d u r i n g  p a r e n t  c o n f e r e n c e s ,  t e a c h e r s  d i s p l a y  s t u d e n t  t e c h n o l o g y  
projects in the hallway on computers so that parents can view the projects such as an 
iMovie while they were waiting. We have had technology presentations and different 
projects that we kept going on the computer nonstop for the whole night and parents 
stopped and viewed these projects. [Seventh], teachers also print the activities kids 
created on the computer and post them in the hallways for all to see. (Techno 2, 
Interviewed December 8, 2003) 
Teachers and technology coordinators were engaged in community-building efforts in 
elementary schools. These activities included attending the annual AEA technology-
sponsored technology showcase; creating a student technology club; showing and telling 
student technology work at board meetings, developing and maintaining the school's 
website; as well as presenting students' work at parent-teacher conferences. Conversely, at 
Apple Computer Inc., constituency, community-building effort entailed the sponsoring of 
conferences and conducting of workshops, suggested Apple's business partner. 
We do a lot of things [community-building efforts] at the industry level. This 
includes taking part in—and sponsoring conferences .... Apple Computer Inc., 
[conducts] many workshops and educational [programs] in Iowa. For example, we 
collaborate with the AEA to present workshops and seminars as well. [Also] we visit 
campuses and facilitate hands-on technology training for faculty and students to 
improve their understandings of some of the different technologies and software 
available. (Skip, Interviewed October 29, 2003) 
At the macro and micro levels, Apple Computer Inc., also was involved in community-
building efforts aimed at sustaining technology innovations in teacher education. These 
activities included sponsoring and participating in conferences as well as delivering 
workshops and seminars. 
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As part of the leadership impact carried out in different constituencies supporting 
teacher education, community-building efforts ranked high on the list of strategies used. 
Finally, participants were asked about their influence or legacy within their constituencies 
when grant monies were expired. Results to this question are presented in the section that 
follows. 
Legacy 
All leaders interviewed were very modest about their influence or legacy on their 
constituency after grant monies expired. Table 4.5 summarizes the legacy identified by each 
participant. As shown in Table 4.5, each participant identified an issue that was personal and 
important to him or her as a legacy. In the (COE) constituency, participants saw their legacy 
related to the overall success in renewing teacher education and power sharing among 
stakeholders. Constituency 2 heralded sustaining the collaborative partnerships that were 
established between COE and ENGR. In constituency 3, improving student learning was 
cited as the legacy among these participants. In constituency 4, integrating technology 
seamlessly through constructivist professional development activities was cited. Finally, in 
constituency 5, the legacy cited by the Apple Corporation Inc., business partner was 
contributing to the development of a cohort of technology leaders currently into the school 
system as in-service teachers. 
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Table 4.5. Legacy of participants from each constituency post-grant period 
Constituency Interviewee Legacy/Legacies 




Success in renewing teacher education 
Sustainability of the relationships 
developed among partners 
Collaborations and the coordinating of 
project activities 
(2) ENGR TWT faculty Sustained collaborations between the COE 
and ENGR colleges 





The enormous amount of training and 
professional development opportunities 
teachers received 
Improvement in student learning with the 
use of technology as a tool 
Having technology integrated in reading, 
writing, and math 
A technology-rich and friendly learning 
environment for students and teachers 
Reducing the fear of using technology 
among teachers 
(4) AEA AEA Consultant 1 
AEA Consultant 2 
Teachers collaborating with technology 
coordinators for integrating technology 
seamlessly in their classes 
Construct!vist learning approach in classes 
using technology 
(5) APPLE Business executive TechCo cohort students becoming leaders 
in the field as they become in-service 
teachers 
Summary of Data for Research Question # 3 
In summary, four major deductive themes were discussed in answering research 
question 3 that addressed how leadership impacts the process of sustaining technology 
innovations in teacher education. First, strong positive leadership with solid characteristics 
including being a visionary, willing to take risks, team player and builder, strong 
communicator were some of the attributes describing the leader who can best sustain 
technology innovations. Second, a positive technology-friendly organizational climate needs 
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to be fostered, and this climate may be driven and shaped by leaders or by followers 
(students) in respective constituencies. Third, both formal and informal community-building 
efforts (celebrations) contributed to the success of sustaining technology innovations in 
teacher education. Finally, each participant identified a legacy or legacies that will remain 
after the leader or the project no longer exists. Therefore, based on the research findings, it 
takes a visionary leader having the skills of developing communities of practice capable of 
sustaining technology innovations in teacher education amidst challenges. 
Chapter Summary 
This chapter presented the case story and results of the study. The chapter was 
presented in three major sections with sub-sections categorized as deductive themes. Section 
one provided a detailed characterization of ISUs TEP. In section two, the story of the 
TechCo project was presented because the activities leading to renewal in teacher education 
were situated in TechCo ISU's PT3 grant initiative. In the final section, the results of the 
study were presented in relationship to the three research questions asked. Direct quotations 
and excerpts punctuated the presentation so that the voices of participants in all 
constituencies supporting teacher education were heard through the thick and rich 
descriptions furnished. 
Chapter 5 will begin with a brief overview of the study followed by the analysis and 
discussion of the results. Results will be analyzed in reference to R'DIT and ATF, the 
theoretical frameworks guiding this study. The analysis and discussion will be followed by 
conclusions, recommendations for research, policy, and practice, and an epilogue of the 
dissertation process whereby the researcher focused on the reflection-on-action concept. 
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CHAPTER 5. DISCUSSIONS, CONCLUSIONS, AND RECOMMENDATIONS 
Overview 
In this study, the strategies, challenges, and leadership requirement for understanding 
the dance of sustaining technology innovations in teacher education was explored. The site 
selected was ISU's award-winning TEP, where significant technology innovations were in 
place. These innovations were sustained partly through PT3 federal funding. In Chapter 4 a 
rich and textured case description of how ISU's award-winning teacher education program 
sustains technology innovations was presented. 
In this concluding chapter, the case is discussed using R'DIT and ATF. Both theories 
were used in order to elucidate the strategies, challenges, and leadership requirements for 
sustaining technology innovations in teacher education. It is in this chapter that the 
researcher's interpretations, thoughts, and perspectives on sustaining technology innovations 
become evident. The discussion of the case is presented first. The conclusions, limitations, 
and directions for further research and dissertation summary follow. Attention is not turned 
to discussing the research data in relation to the two theoretical frameworks chosen. 
Discussions Featuring R'DIT and ATF Frameworks 
As the primary focus in this study has been on exploring the dance of sustaining 
technology innovations, it is important that the dance metaphor be illuminated. Dance as a 
true art form is all about lived experiences and their interpretations. Dance serves to connect 
as well as communicate different meanings to different people (Janesick, 1994). In the 
discussion that follows, the researcher illustrates this dance of sustaining technology 
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innovation using the lenses of R'DIT and ATF whereby, the experiences and interpretations 
of each participant were sought and presented. At this juncture, it is necessary to reestablish 
what sustaining technology innovations in teacher education means. Based on the working 
definition in this paper, it is the processes of maintaining or preserving the innovations and 
initiatives that were deemed useful in promoting effective technology use in teacher 
education. In other words, it is the creation of an environment in teacher education whereby 
technology innovations remain for the benefit and future use of stakeholders in constituencies 
supporting teacher education, while focusing on the interdependent roles of participants. All 
participants were asked to provide a definition for sustainability based on their specific 
context. Responses were as follows: 
• Continuation of a project due to demand. (C&I chair, Interviewed October 25, 
2003) 
• Ability to continue or maintain what we are doing. (Techno 1, Interviewed 
November 11, 2003) 
• On-going partnerships, continuing what was learned and acquiring new things and 
perspectives while doing so. (Principal 2, Interviewed December 10, 2003) 
• Keeping that which makes a critical difference to what we do; things that make us 
better and stronger, more purposeful for future use. (Co-PI 1, Interviewed 
November 14, 2003) 
• On-going change in culture and climate of the institution called school. (AEA 
Consultant 2, Interviewed November 19, 2003) 
• Sustainability is anything that you have done or created and in a way you want to 
keep it going and keep growing. (Ms. Samba, Interviewed November 3, 2003) 
The central theme emerging from these definitions was that of continuation of the 
initiative(s), conveying self-preservation. This theme is in keeping with the composite 
definition for sustainability provided in Chapter 1. As the reader will recall, the process of 
sustainability highlighted in the composite definition is not simplistic, but nested/embedded 
within the complexities of teacher education. Teacher education is a 'complex organism' 
which technology has influenced several changes (Fullan, 1990; Fullan & Hargreaves, 1992). 
These changes are juxtaposed within a social context punctuated with multiple social 
interactions at different levels within teacher education. To unravel the complex interactions 
and dimensions that characterize human activities in learning societies; in this context teacher 
education; theoretical frameworks that isolate the components for analyses then reconnects 
the element to give a full understanding of the phenomenon are useful. Prior to employing 
the theories to this discussion, the many parameters of human activities associated with 
generating ideas for sustaining technology innovations in teacher education will now be 
explored. 
Generating ideas for technology innovations 
Human activities in sustaining technology innovations in teacher education were not 
carried out by individuals in isolation. In fact, from the documents analyzed, including the 
grant proposal, meeting minutes, and publications, groups or teams worked together to 
achieve a common goal for preparing tomorrow's teachers to use technology. The teamwork 
and culture of collaboration were established prior to acquiring the PT3 funding, recalled 
TechCo's project leader. "I think there were positive extended relationships and good 
teamwork with everyone [all constituencies] .... Like the partnerships we had with the 
schools and AEA before TechCo ... we keep the relationships and try to meet their needs 
and vice versa" (Ms. Samba, Interviewed November 3, 2003). 
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Techno 2 also commented on the teamwork and collaborative structure. She 
suggested that her relationship and partnership with ISU's TEP had its genesis way back to 
1997 when she collaborated with a previous grant. "My relationship with ISU's TEP started 
out with the FINE grant back then in 1997/1998" (Techno 2 Interviewed December 10, 
2003). Documentation in the grant proposal also showed effective teamwork whereby many 
individuals contributed to the grant writing process (see Appendix J for a table of activities of 
the contributors to the grant proposal). Furthermore, the skills of individual subjects within 
the communities of practice were synchronized for the outcome—simultaneous renewal of 
teacher education in the university and partner schools (Goodlad, 1994). 
Close analysis of the interview question addressing how ideas for technology 
innovations were generated for adoption showed that "ideas were first formulated 
individually, then discussed with team members through the process of brainstorming and 
negotiating, and finally refined in groups," suggested (Co-PI 1, Interviewed November 14, 
2003). For example, one AEA Consultant stated, "I think the new ideas come from many 
individuals and directions. Sometimes the generation of ideas [for technology innovations] 
came internally from the AEA" (AEA Consultant 1, Interviewed November 19, 2003). The 
second AEA Consultant confirmed idea generation at the individual level first, and then 
diffused as a collaborative effort. 
Again I will speak to collaboration and partnerships in this because I think obviously 
someone brings an idea to the table. But also a lot of these ideas are passed around 
with the partners, including the administrators, which I think is important. 
Administrative support is key for [idea generation]. The teachers are involved, 
technology coordinators, curriculum people in particular, people from ISU and 
Heartland and even parents at certain times, get involved in the process. (AEA 
Consultant 2, Interviewed November 19, 2003) 
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Partnership and collaboration were strong themes identified by AEA Consultant 1 for 
generating ideas for technology innovation. By way of contrast, Co-PI 1 's assertion mirrored 
the previous view of the AEA Consultant 2, suggesting that ideas were generally developed 
on an individual basis and then refined by a team. 
I think the ideas for technology integration were always generated individually at 
first. But the beauty of our group is that an individual has an idea, but we talk about 
those ideas as a group. By the time we have discussed the idea as a group, it is better 
than the individual idea we started with. (Co-PI 1, Interviewed November 14, 2003) 
In other words, Co-PI 1 suggested that after the group discussed an initial idea, the final idea 
became more powerful than the initial idea, in the same way the whole is greater than the 
sum of the individual parts. Finally, Techno 1 arrived at a similar conclusion that ideas were 
generated at the individual level at first, and then the ideas were shared with other teachers. 
I would say most of the time I would be the one to come up with the idea we need to 
look at. However, I would sit down with the staff and talk to them about [the idea], 
then we brainstorm and make a final decision about the idea. (Techno 1, Interviewed 
November 11, 2003) 
The diffusion of a technology innovation or idea followed a generalized process of idea 
generation by individuals, which was shared with colleagues who may have been persuaded 
to try adopting the innovation. However, several personal factors influence the likelihood for 
an individual to integrate technology in the curriculum. Nevertheless, research is still needed 
to identify the variables most influential for individuals to adopt technology. This process of 
adoption is directly linked with the tenets of R'DIT. 
Links to Rogers' Diffusion of Innovation Theory (R'DIT) 
The approach for idea generation starting at the individual level then diffusing among 
members in each constituency is a prominent feature of R'DIT—the secondary framework 
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that guided this study. In R'DIT model, "innovation-decision process provides a general 
model of the persuasion process people undergo when they move towards making the 
decision to adopt an innovation" (Dayton, 2002, p. 245). Prior to adoption, teacher educators 
formulated a positive or negative attitude towards technology's relative advantage, 
compatibility, perceived complexity, trialability, and observing how colleagues used 
technology in their teaching (Rogers, 1995), shown earlier in Chapter 2 as Figure 2.2. The 
adoption process is now illustrated in two scenarios; the first, in one elementary school 
constituency; and the second, in the teacher education department at ISU. 
School constituency 
In one urban elementary school, the technology coordinator recounted using her 
gentle persuasive skills to encourage teachers and administrators to use e-mail and to 
integrate technology into their classroom. Teachers were not all at the same level of adopting 
technology use. First, the technology coordinator fostered a collaborative climate where 
relationships were built with teachers; second an environment of trust was developed; third, 
teachers were 'permitted' to fail, knowing they would be supported and encouraged to try 
again; fourth, Techno 1 communicated with teachers and administrators through e-mails, 
memos, as well as formal and informal conversations. To a large extent, she gently 
persuaded teachers to use technology. She assisted teachers very often so they became 
comfortable using technology; and finally, teachers and administrators felt the relative 
advantage of using technology daily. For example, using e-mail to communicate led to a 
drastic reduction in the paper trail and impacted the budget for paper tremendously. As a 
result, paper was no longer rationed. 
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I think the fact the people are using technology on a daily basis is a big plus. 
[Frequent] technology use ... makes me smile but it has an impact on our budget. 
We have a budget for paper. And as of this month we used only 75% of our budget 
for paper. In the past, our former principal would show up at staff meeting with a big 
stack of paper .... Now, memos are e-mailed. I communicate a lot with teachers 
using e-mail... I encourage teachers to send an e-mail and I get it and will respond, 
because I check my e-mail constantly. 
One strategy that was used to reduce paper usage was to ration paper. [Each 
teacher was given] a ream of paper and when it was done teachers had to purchase 
their own from personal funds. I do not want that to happen .... Using technology 
[frequently] has reduced ... how much paper has been used. (Techno 1, Interviewed 
November 10, 2003) 
Using technology as a communication tool helped to reduce the need for printing memos and 
documents. Subsequently, there was a cost saving benefit derived from technology use in 
this elementary school. After teachers perceived the relative advantage, compatibility, and 
ease of using the computer as a communication tool, their attitude towards computer use also 
changed. 
So, I do have teachers who are afraid to touch the computer .... Last year one of our 
teachers was not using her computer. She placed several notes in my mailbox and 
asked me to check her computer.... About a month into school I went to her room 
and it turned out she had not turned her computer on ... all I did was push the button 
and turn on the computer. She was just amazed and said, "What did you do?" 
One of the things I have done is mentor teachers by setting up collaborative 
teams [at each grade level] and on a monthly basis we have collaborations .... 
When a teacher needs some help, if I am not available at the time, they have a grade 
level mentor to work with them. And so I think this is one of the ways I am 
encouraging teachers to become [independent users of the computer] or try to keep 
that going as part of the sustainability issue .... So, generally I would suggest an 
idea and together we work on integrating technology in the teachers' lesson plans. 
(Techno 1, Interviewed November 11,2003) 
The community-building and collaborative efforts among teachers were key in helping to 
diffuse technology use in this school. This finding fits very well within R'DIT framework. 
Technology use was adopted and diffused when teachers at this elementary school were clear 
about the perceived benefits derived from using technology. In the quote above, the 
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teacher's projection about the impact of technology use on her teaching was dependent on 
her personal desire to use technology. Ease of use was important to the technology 
coordinator in promoting technology use among teachers. If teachers had to get constant 
help in overcoming obstacles to technology use, they would become frustrated (Heinich, 
Molenda, Russel, & Smaldino, 1999). Constant frustration would ultimately lead to teachers 
rejecting technology use (Savenye, Dwyer, Niemczyk, Olina, Kim, Nicolaou, & Kopp, 
2003). Teachers' perceptions of both compatibility and ease of use cannot be subtracted 
from the complex web of social, personal, and technological factors, all mutually 
interdependent, that ultimately determines if the technology innovation is adopted (Dayton, 
2002), and furthermore sustained. The reason that the teacher in the scenario above did not 
use her computer initially was not explored in this study. The second scenario will now be 
featured. 
ISU teacher education constituency 
In this section, attention will be turned to the diffusion and adoption of technology 
among selected ISU teacher educators. A generalized overview is given of how over 80% of 
the teacher education faculty have adopted technology use and integration into their courses. 
For over a decade, C&I faculty have been participating in the mentoring initiative in the 
department. The one-on-one initiative resulted from collaborative work with other teacher 
education programs across the U.S. In the mentoring initiative at the beginning of fall 
semester, faculty members volunteer to work closely with a graduate student from the CI 610 
class to learn specific technology applications. 
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At first, many faculty members did not participate in this initiative. However, as more 
faculty (early adopters) became involved in the process and the onlookers (late adopters) saw 
the ease of use and perceived benefits (Massey, 1996) of learning to integrate technology into 
their courses, additional faculty opted to participate in this initiative. As a result, to-date 
more than 80% of all faculty in the C&I department have participated, some for several 
semesters, in the faculty mentoring initiative (Thompson & Schmidt, 2002). Faculty 
members who participated and continue to participate in this initiative felt the need to adapt 
and/or change their attitude towards technology use in their courses. Rogers (1995) 
indicated, "unless an innovation is highly compatible with clientele needs and resources, and 
unless clients feel so involved with the innovation and they regard it as "theirs," it will not 
continue over the long term" (p. 340). 
At ISU's TEP, the prior conditions motivating teacher educators to adopt technology 
integration included compatibility of technology usage with their specific and individual 
needs. For years the mentoring initiative was seen and felt as a norm in the department. 
Having upgraded many classrooms to being technology friendly coupled with students' 
frequent and expected use of technology, more faculty felt the need to become committed to 
technology use in their courses. Hence, they opted to participate in the reciprocal one-on-one 
mentoring process. 
We upgraded classrooms as a result of PT3 funding, and that led to more faculty 
involvement and their wanting to be able to use that technology in the classrooms 
.... Those were some of the kinds of things we were able to do .... The 
established faculty mentoring [initiative] as it existed in Co-PI 1 's course [has been 
there for years]. Graduate students continued to help faculty .... We build on that 
success, I would say .... By the time of PT3, we felt we had figured out our 
mistakes and we were able to offer or knew what we wanted to offer faculty and 
teachers in terms of professional development and how we wanted to help teachers 
with technology [integration], (Co-PI 2, Interviewed October 20, 2003) 
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Having accessed the compatibility as well as complexity of integrating technology into the 
courses, TechCo's project Co-PI's were able to design favorable professional development 
activities with the needs of individual teacher education faculty members. The innovative 
decision-making process prior to technology adoption followed the general path outlined by 
Rogers (1995) from (1) acquiring knowledge about the innovation, (2) formulating an 
attitude toward the innovation, (3) making the decision to adopt or reject the innovation, 
(4) adopting then implementing the new idea, and finally (5) confirming their decision to 
proceed with the innovation. These steps were highlighted in Figure 2.2. 
Although presented in a linear fashion, the process for faculty to adopt technology use 
in their classes was not linear. This process consisted of a series of simultaneous and 
ecological actions and choices by individuals and communities. There was constant 
evaluating and assessing of the perceived benefits to be derived from adopting technology 
use. Faculty worked within a community of teacher educators as well as with stakeholders in 
several constituencies supporting teacher education. These communities were not 
highlighted in R'DIT—hence, they did not account for the richness and complexities 
involved in the decision-making process for faculty to adopt technology. Therefore, to 
account for the complexities in teacher education and to highlight the communities involved 
in the process, ATF was chosen to complement R'DIT. This leads to a detailed discussion of 
ATF, which is a framework capable of analyzing the ecological and complex web of social, 
technological, and technical factors associated with sustaining technology innovations in 
teacher education. 
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Discussing ATF in Action 
ATF was chosen as the primary framework for analyzing sustainability of technology 
innovations because of its critical features of providing an understanding of complex systems 
and interactions (Cole, 1999). First, each element in the framework will be operationalized 
in relation to the study. As shown in Appendix B, at the macro level an overall view of the 
TEP in relation to ATF is presented. Second, the operationalization of the elements in 
relation to the study will be followed by a discussion of the contradictions that emerged as a 
result of analyzing the data using ATF. 
On a cautionary note, in this discussion, the researcher will not attempt to represent 
every relationship and/or action displayed in Appendix B. Such an attempt would be 
foolhardy because of the broad spectrum of dependent and independent variables, 
constraints, and complexities associated with the innumerable human interactions (Lewis, 
2000) that characterized the dance of sustaining technology innovations ATF illuminates the 
key factors and players (outlined in Chapter 4) simultaneously, allowing for emergence of the 
successes and contradictions (Rinkleff, 2003). Appendix B shows how ATF was 
operationalized in this study. Examples of operations within the seven elements of ATF are 
featured. For clarity of presentation, ATF is divided into and discussed in two tiers, as 
featured in Figure 5.1. 
Figure 5.1 shows the basic structure of an activity system, designed to show the 
ecological interdependent activities not captured by R'DIT. Tier 1 features the subject-tools-







Rules Community Division of labor 
Figure 5.1. Basic structure of an activity (adapted from Kuutti, 1996). 
Tier 2 features multiple elements and triads, where much of the operations in ATF reside. 
Therefore, in this section the subject, tools, object, and outcome shown in Figure 5.2 will be 
discussed in relation to the production triad (see Appendix A for glossary of terms related to 
Figure 5.2. Tier 1: Subject-Tools-Object (STO) triad 
Figure 5.2 shows tools as the mediating artifact between the subjects (participants) and object 
(sustaining technology innovations) that is transformed into renewal in teacher education, the 
outcome in this study. Starting with subject, each element in Tier 1 will be discussed in 








Subject In the STO triad shown in Figure 5.2, the "subject" [participant] is given 
higher ontological status than any other element in determining the nature of the activity [for 
goal/object attainment]" (Barab, Barnett, Yamagata-Lynch, Squire, & Keating, 2002). In this 
study, 13 primary subjects were involved from five major constituencies (discussed in 
Chapter 4 and shown in Appendix B), supporting teacher education. A notable group of 
subjects missing from this discussion is students. This was not an oversight. Based on the 
goal of the study, responses from students would not serve to answer the research questions. 
Noteworthy is the point that the subject(s) in this study were also identified as tools for 
sustaining technology innovations in teacher education. 
Tools. It is the subjects who conceptualize and transform the object into the outcome 
of a given activity. Both object and outcome cannot be realized without the necessary tools 
in place. With reference to Appendix B, tools identified included technology hardware and 
software, communication, and people. In this study subjects identified people as the primary 
tool for sustaining technology innovations in teacher education. People support, interactions, 
communication, and relationships were prominent themes that emerged from the data on 
tools. Participants indicated that people tools were important for sustaining technology 
innovations, and more so for achieving the outcome of renewal in teacher education. Co-PI 1 
emphasized the high value placed on people tools. "I think the tools to sustain technology 
innovations include support from people; and I think the tools in terms of [computer] 
hardware are aspects of [the process of sustainability]. However, people tools come first 
(Co-PI 1, Interviewed November 14, 2003)." In essence, sustaining technology innovations 
in teacher education called for the development and acquisition of tools including (human 
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resources). In fact, many strategies that were in place for sustaining technology innovations 
were people and relationship based. 
Three examples of people as tools include first, the master teacher, second, graduate 
students as mentors, and third the cohort of students. The cohort model could possibly exist 
without the laptops but the cohort could not exist or be sustained without the people factor, in 
terms of students and faculty. Rothman (2003) postulated that 'people as tools' were more 
important than physical or technical tools. She further noted that choosing the right persons 
for the job was more important than having the 'right' technology or technical skills. 
"Technical skills are relatively easily taught and learned" (p. 1) and purchasing technology is 
not difficult. However, "how people communicate with one another, their drive, sense of 
responsibility, and problem-solving abilities—those skills are the most valuable parts of each 
person" (p. 1). In essence, better teams were created when people were seen as more 
important than the physical technology hardware and software tools (Abou-Dagga, 1995; 
Rothman, 2003). In this study, efficient and effective team players (people as tools) 
mediating the activities within the TechCo project were key to sustainability, the object of 
this study and renewal in teacher education. 
Object and Outcome. As shown in Appendix B, three primary objects were 
identified—integrating technology in teacher education, improving student learning, and 
sustaining technology innovations. The object is the goal or goals (called objectives by Holt 
& Morris, 1993) participants have outlined in order to accomplish a specific outcome. These 
objects were transformed through communication, collaboration, and planned change 
strategies into the outcome of renewal in teacher education. According to Barab et al. 
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(2002), the object can be conceptual understanding and/or problem spaces toward which the 
action is directed and transformed into the intended outcome. In this study, the object 
included both the conceptual understanding as well as the problem spaces for sustaining 
technology innovations in teacher education. The object and outcome for this study were 
determined after reviewing the literature, interviewing participants from each constituency 
understanding the division of labor, and through document analysis. 
In summary, it was in Tier 1, the production sub-triangle, where much of the work 
was done in "creating the object that corresponds to the given needs" (Holt & Morris, 1993) 
comprised the elements subject and object mediated by tools. In this study, subjects were 
drawn from the five constituencies supporting teacher education. The three objects were 
integrating technology in teacher education, improving student learning with technology, and 
sustaining technology innovations. These objects were transformed into the outcome for 
renewal in teacher education through the mediation process of tools involved in the process. 
The tools in this study included communication, people, as well as technology. In the section 










Community Division of 
Labor 
Figure 5.3. Tier 2 of an activity system featuring four sub-triangles 
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This discussion will begin with labor division another mediating factor in ATF. Figure 5.3 
highlights the four sub-triangles production, consumption, distribution, and exchange. In 
addition, the second tier of the activity system is featured. Focus will now be turned to the 
division of labor in the distribution sub-triangle. 
Division of labor. Having detailed the division of labor provided in Chapter 4, a 
brief summary is provided in this section. Many times the rules guiding an activity system 
help determine how labor is divided among participants (Holt & Morris, 1993). Division of 
labor is located in the distribution sub-triangle, shown in Figure 5.4. 
Tool 
Outcome Subject Object 
Division of labor Rules Community 
Figure 5.4. The distribution sub-triangle in an activity system 
This is where tasks are parceled out, based on the selected criteria by the subjects (Jonassen, 
2000). Division of labor was carried out in a fair and equitable manner (Kuutti, 1991), 
leading to renewal in teacher education. Much of the division of labor was established prior 
to grant acquisition. Each constituency supporting teacher education had a unique role to 
play in the dance of sustaining technology innovation in teacher education. 
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Crucial tasks were divided among constituencies, based on the needs and ability of 
each participant within each constituency. Teacher education faculty prepared pre-service 
teachers, AEA Consultants provided professional development training for in-service 
teachers, elementary schools provided the pre-service teachers with technology-rich field 
experiences, and the Apple Computer Inc., business partner contributed consultancy as well 
as technology hardware and software (PT3 Grant Proposal, 1999). When these roles were 
combined, the outcome of renewal in teacher preparation was accomplished. 
In this particular case, at the macro level, labor was divided according to the expertise 
within each constituency. Each constituency, in turn, had the autonomy to further subdivide 
the functional tasks among its members. For example, in one elementary school, the 
technology coordinator responded to how labor was divided as follows: 
All teachers at all levels [were involved in the process] and then as I said, I have 
grade level coordinators/mentors/leaders or people whom other teachers can go to. I 
do that in a variety of ways .... I even have inter-grade level kind of collaborations. 
Because some grade levels have new teachers and because of personality conflicts, 
some teachers do not get along with some teachers. 
And that's the beauty of being not just the technology coordinator, but having 
the administrative responsibilities .... I know that about teachers; and when I am 
pairing them to work on something or work as a team, I take [personality traits] into 
consideration. So, it helps a lot that we divide up the work. (Techno 1, Interviewed 
November 11, 2003) 
The autonomy and support established through the division of labor produced a sense of 
empowerment for participants. With the autonomy developed, participants contributed to the 
project based on their specific skills and expertise (Walvoord & Pool, 1998). Teachers had 
an active role to play in working with other teachers in various capacities, so that the tasks 
and responsibilities were not laid on the shoulder of a few individuals. Finally, the tasks 
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performed within and across the constituencies were guided by written and/or unwritten 
rules. 
Rules. The central focus of the community-subject-rules triad is interaction 
characterized by exchange shown in Figure 5.5. According to Holt and Morris (1993), 
exchange further "parcels out the divided shares" (p. 24) in accordance with the needs of 
each subject and community members. In the exchange triad, rules are a prominent feature 
mediating between the community and the subject. 
Tools 
Subject Object Outcome 
Division of labor Community Rules 
Figure 5.5. The exchange sub-triangle in an activity system 
How rules were developed in this case study was based on the dictates in written 
governance documents, laws of nature, general communication rules, and ethical rules that 
guided the conduct of each individual supporting teacher education. This dictate was evident 
in the following quote from the department chair. 
I do not know if there [were] any special rules as they related to technology 
innovations as opposed to any other type of issues [in the department]. But we have a 
governance document [with protocol] that deals with how we make changes in the 
curricular and hiring process .... We have in terms of unwritten [rules] that there is 
always the opportunity to negotiate for specials, as long as we communicate clearly 
and resources are not taken away from something else .... We follow ethical 
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guidelines .... We sort of have this unwritten rule that we are willing to be 
innovative in the teacher education program. (C&I chair, Interviewed October 25, 
2003) 
As mentioned by the department chair, the governance document provided the department 
with written protocols regarding specific activities. However, rules must be related to the 
roles and responsibilities of each subject in each constituency, based on individual and 
community expectations. Participants were asked what rules/policies/by-laws (written or 
unwritten) were in place governing how challenges were handled as they related to sustaining 
technology innovations. Most participants indicated no written rules/policies were in place. 
"I don't know if I would say there are [rules or] guiding policies. Policies are only as good 
as the people who are writing and enforcing them," suggested the TWT faculty (Interviewed 
October 22, 2003). In addition, principals and technology coordinators were in solidarity 
with the response that no special rules or laws were in place regarding sustaining technology 
innovation. Contemplatively, one technology coordinator indicated 
I am pretty sure there was nothing [rules or policies] written [to guide us]. We did 
not have any written document. As far as I know, there was nothing written down in 
terms of guidelines, policies and/or by-laws that we followed. (Techno 2, 
Interviewed December 8, 2003). 
In light of this case study, rules (written or unwritten) were not a factor based on the 
responses of participants. However, as stated by Vlaenderen (2001), rules can be explicit or 
implicit. From an analysis of the grant guidelines document from the U.S. Department of 
Education (1999), there were specific deadlines for reporting back data to this agency 
biannually and annually. As a result, participants in each constituency similarly had to meet 
internal deadlines for the functional goals they had in place. Many of the implicit rules that 
were played out in this case included, but were not limited to, having technology support 
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available for faculty, in-service and pre-service teachers, meeting licensure requirements; 
respecting deadlines, being responsible and accountable; and contributing to the outcome of 
renewal by working collaboratively with members within and across constituencies, referred 
to as communities in the section that follows. 
Community. The community in this study extended beyond the physical department 
of the teacher education program at ISU. Multiple communities shown in Figure 5.1 were 
involved in the TechCo project. Each community had a number of intentions (goals) to 
foster sustainability of technology innovations (Cole, 1996). Based on the common 
intentions among members in the various communities or practice (constituencies), there was 
an establishment of a 'common voice' or 'language' (Holt & Morris, 1993; Wenger, 1998), 
explicitly between and among community members who were committed to sustaining 
technology innovations in the teacher education program. As participants worked within a 
community of practice, they negotiated, established, interpreted, and supported the need to 
successfully prepare future teachers to use technology (Grossman, Smagorinsky & Valencia, 
2003). 
In fact, Davis (2003) stressed that the fundamental strength of ISU's TEP was 
realizing that community support was mandatory for sustaining growth among the diverse 
community members in all constituencies supporting teacher education. Having strong 
community support from diverse individuals involved with and taking ownership (Schrum, 
1995) of the sustainability process led to continued renewal in ISU's TEP. The results from 
documents analyzed (TechCo's Web site, grant proposal, meeting minutes, and memos etc.,) 
indicated that teacher education did not operate in a vacuum, but was dependent on several 
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communities of practice working as part of the ecology of participants succeeding at renewal 
in teacher education. 
Communities of practice. These are described as groups of people who share similar 
goals and interests. In pursuit of these goals and interests common practices, working with 
similar tools, and expressing a common language were noted from participants. Through 
such common activity, similar beliefs and value systems regarding sustaining technology 
innovations were formulated (Wenger, 1998). In conjunction with Wenger's arguments, 
Lewis (2000) aptly stated, "it is worth remembering that the 'subject' may be an individual or 
a group often belonging to and sharing membership in other communities" (p. 6). In this 
study, several participants belonged to more than one community/constituency. For example, 
Techno 1 was the technology coordinator in her school, the assistant principal, and 
simultaneously she was a graduate student in the C&I department at ISU. 
According to Vlaenderen (2001), when working in communities of practice, attention 
needs be placed simultaneously on the multiple communities to which individuals belong as 
well as the social/human capital each individual brings. Hence, personal skills and talents of 
each subject within the community also were very important to enhance participation. In 
TechCo, there was good participation, clear channels of communication, effective 
relationship building, resulting in a greater degree of ownership and commitment (Rogers, 
1995; Jonassen & Rohrer-Murphy, 1999), evident within the communities supporting teacher 
education. 
Good participation in this study was evident in the community-building efforts that 
were planned and implemented in TechCo. Examples of community-building efforts were 
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identified from interview data, reiterated in the document analysis, and validated by the 
researcher's presence and observation at several functions, including formal and informal 
celebrations. These celebrations helped convey appreciation for and valuing of the efforts 
each community member brought to the object of sustainability in this study. 
Celebrations. Community-building efforts in the form of celebrations conveyed that 
the activities carried out in TechCo were significant. As participants learned their efforts 
were worthwhile, they became motivated to do their best in prolonging activities that were 
important to themselves and others—in this case sustaining technology innovations in 
teacher education. At the center of each community of practice, one will find active learning 
(Lave & Wagner, 1991) playing an important role in accomplishing renewal in teacher 
education. ATF is concerned with the entire landscape in which human activity takes place, 
including learning, innovative actions, exchange, and interactions (Barab et al., 2002) among 
members in each constituency supporting teacher education. 
In this study interactions included formal and informal celebrations detailed in 
Chapter 4, face-to-face meetings with participants; class contact time for pre-service 
students; and each constituency collaborating in several development meetings. Other forms 
of interactions were through technology media in the form of e-mails, video-conferencing, 
and through telephone conversations. As part of the interaction, the question regarding 
intentions was also answered as group members elected to collaborate within and across 
communities of practice (Lewis, 2000). Collaboration among participants contributed 
significantly to sustaining technology innovations in teacher education. 
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Collaboration. "Very little, if any, meaningful activity is accomplished individually" 
(Jonassen & Rohrer-Murphy, 1999, p. 66). Each individual's performance impacts and is 
impacted by the actions of others—confirming that human activity is a system of dynamic 
social relations. A critical feature of collaborative work in communities of practice explored 
in this research was that of the "establishment and maintenance of common goal(s)" (Lewis, 
2000, p. 6). That is, the common goal of sustaining technology innovations—leading to 
renewal in teacher education. 
Communities of practice in the five constituencies supporting teacher education were 
not rigid and static in the goal achievement effort. Individuals belonged to multiple 
communities simultaneously, bringing out the complex, interactive, "horizontal and 
verticalness" highlighted by Holt and Morris (1993, p. 98), the interconnected, ecological, 
and collaborative nature of ATF. For example, Co-PI 2 was the department chair, a faculty 
member, prominent decision-maker in the TEP, and she also led one of TechCo's cohorts of 
students. According to Engestrôm (1987), human activity is a system of collaborative human 
praxis. Again, the praxis that exists within the community in which the Co-PI's functioned 
helped to determine the quality and types of interaction as well as the most effective tools to 
be used in pursuing and ensuring sustainability. In this study, both cooperative and 
collaborative efforts were evident among participants in each constituency, leading to a 
reduction in the duplication of efforts. 
Duplication of efforts would lead to stalling, posturing, and wasting of time, and 
resources. In today's economic environment where budget cuts are frequent—time wasting 
translates into loss of revenue in institutions of higher education (Powers, 2000). Based on 
the multiple and divergent activities accompanying sustainability, divergent views were not 
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surprising. These divergent views were expressed as tensions and contradictions in this 
study. According to Barab et al. (2002), Holt and Morris (1993), and Jonassen and Rohrer-
Murphy (1999), contradictions are inevitable in any human activity system. Therefore, 
contradictions unearthed by ATF are addressed next. 
Contradictions 
Overview 
Human activity systems are characterized by primary and secondary contradictions 
(Leont'ev, 1978; Engestrôm, 1990, 1993). It is not because an activity system is ineffective 
or not properly structured why contradictions became evident. By their nature, human 
activity systems are not harmoniously static, and they cannot be. Rather, they evolve, have a 
degree of fluidity (Holt & Morris, 1993) and are in constant motion of change due to 
contradictions. It is as "contradictions enter systems [that] they become the moving force 
behind disturbances and innovations, and eventually drive the system to change and develop" 
(Barab, et al., 2002, p. 7). 
Engestrôm (1993) suggested that primary contradictions are developed and exhibited 
within a triad of the activity system, e.g., within the production triad, whereas secondary 
contradictions exist among different components of the system. Kuutti (1991), speaking 
about contradictions, suggested they are the source for taking an activity to varying levels, 
depending on the object and based on the hierarchical nature of activities. Three hierarchical 
levels, shown in Table 5.1, were identified and interpreted in relation to this study. 
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Table 5.1. Hierarchical levels of activities in sustaining technology innovations 
Needs, desires, and values. This is 
the first or global orientation that gives 
meaning to human processes 
> Need to renew teacher education 
> Simultaneous renewal in teacher education 
> Sustaining technology innovations 
Focused organizational goals, 
planning and problem solving to achieve final 
and intermediate goals 
> Develop cohorts of students as a strategy 
for change 
> Restructure the curriculum 
> Improve partnerships 
Conscious purposeful actions for 
positive outcome 
> Providing relevant technology resources 
> Providing professional development 
activities for in-service for teachers and 
faculty 
> Adapting formal structures 
Celebrations 
Adapted from Jonassen and Roherer-Murphy (1999); Lewis (2000) 
Table 5.1 shows an activity system addressing sustainability and consisting of a goal-directed 
hierarchy of actions that must be used to accomplish the object of sustaining technology 
innovations in teacher education. The motive, practical conditions, and operations put in 
place transform the object (sustainability) that ultimately leads to renewal in teacher 
education (Jonassen & Roherer-Murphy, 1999). 
Table 5.1 indicates renewal in teacher education located at the intentional level. At 
the functional level, realistic long and short-term goals were set, such as: facilitating two 
cohorts of students, restructuring the teacher education curriculum, and fostering 
simultaneous renewal through multiple activities. 
• Intentional level— 
• Functional level— 







Finally, at the operational level, purposeful actions were pursued, including 
restructuring the entire teacher education curriculum through course redesign, the acquisition 
of laptops for cohort students, provision of technology resources in elementary schools, 
professional development opportunities for in-service teachers while providing substitute 
teachers in the classroom. The bi-directional arrows in Table 5.1 indicate the constant and 
fluid movement among the levels (Lewis, 2000). These movements were not necessarily 
predictable and do not connote freedom from tensions and contradictions. Three primary 
contradictions are featured next. 
Analyzing contradictions 
In light of this case study, three primary contradictions became evident emerged 
relating to budget cuts, new federal mandate, and change in leadership. First, budget cuts 
impacted all constituencies supporting teacher education. This contradiction was located in 
the production triad or ATF, where money was one of the tools identified. 
We have another tool in another different arena .. . student computer fees. And we 
have the opportunity to purchase technology for our students. Although we had 
money from PT3 to purchase some things, we do have a steady pool, continuing 
source of money to purchase technology for our students, and that would be 
considered an important tool for sustainability. (Co-PI 1, Interviewed November 
14, 2003) 
Teacher education programs were asked to prepare future teachers to use technology 
effectively in the classroom. Yet with grant monies expired, coupled with reduced state 
funding due to tax shortfalls, funding became more of a challenge for sustaining activities 
and programs for preparing future teachers to use technology. Money is needed to train 
teacher educators, provide staff development opportunities, as well as to replace and upgrade 
outdated technologies. According to Principal 2 "I have one challenge, and that is money" 
(Interviewed November 10, 2003). With grant monies ended, the constituencies supporting 
teacher education highlighted the need for additional funding in order to sustain the 
technology innovations currently in place. How will preparing future teachers to use 
technology be realized in light of budget cuts? The answer lies in the object of this study, 
that is, sustaining viable and renewable technology innovations already in place in the 
constituencies supporting teacher education, at minimal or no additional cost. 
Over the years, several technology innovations were put in place to foster the 
preparation of future teachers. In fact, the provision of PT3 funds was one important step in 
sustaining technology innovations that were already in place and to ensure that teacher 
educators and future teachers were prepared to use technology in their classes. 
As I said, we were building on the [technology] strengths in the department. So, it is 
not that we started from ground zero [with new technology innovations] ... so that is 
an important point as we think about the innovations that came out of the PT3 
program. The major [innovation] I would cite is the faculty development work .... 
Support from the PT3 funds provided more opportunities for a larger number of our 
teacher education faculty, and our faculty took advantage of those opportunities . . . 
grant monies helped us do many things. (Co-PI 1, Interviewed November 14, 2003) 
The PT3 funds were a means of prolonging technology innovations that were already in place 
in ISU's TEP. With grant monies expired, there is a need to preserve the innovations that 
were further developed with PT3 funding. This needs to be done in creative ways, including 
procuring more grant monies, while simultaneously coping with new government mandates 
and no new funds to leverage the new mandate. 
Second, new federal mandate in the form of high stake testing in the "No Child Left 
Behind" (NCLB) Act of 2001 was identified as a primary contradiction in elementary 
schools. In light of ATF, this contradiction falls into the exchange sub-triangle featured 
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earlier in Figure 5.6, focusing on the element rules and customs. For over a decade, 
technology became a driving force throughout the society (Cuban, 1993; Massey & Wilger, 
1998; Bates, 2000). 
Rules are shown to mediate activities between the subject and the community. With 
money from private and public sectors, teachers and teacher educators were poised and 
focused on technology literacy for the 21st century students (U.S. Department of Education, 
1999). However, with the NCLB legislation, teachers are required to refocus their teaching 
techniques for preparing elementary students to succeed on standardized tests. As a result, 
emphasis on technology integration becomes very difficult. Based on the second year report 
of the NCLB are the following findings: 
States and school districts are trying hard to meet the requirements of the Act and 
agree with its goals; broader and deeper effects of the law were being felt by school 
districts in 2003, which is resulting in additional help for schools identified for 
improvement.... States and school districts are moving slowly to update the 
qualifications of teachers and paraprofessionals as required by the Act; some of the 
requirements of the Act are unworkable; and states and school districts face serious 
funding pressures and a lack of capacity to carry out the NCLB Act. (Center for 
Education Policy, 2003) 
In relation to the quote above, school districts in general are working assiduously to meet the 
demands of the NCLB Act. However, several debates regarding the NCLB Act have 
developed. According to Zirkel (2004) "NCLB has set off a firestorm of opposition based on 
a wide range of view points and agendas" (p. 480). Some requirements were assessed as 
unworkable due to the prominent challenge of the lack of funding. In this study, lack of 
funding also was cited as a major threat to sustaining technology innovations in teacher 
education. Therefore, with NCLB requirements, partnering schools districts continue to face 
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even greater challenges related to funding. This contradiction is heightened when one 
examines the underlining assumptions of the NCLB and sees that there is disconnect 
regarding the compatibility of the need for high stakes testing (accountability) with the 
pedagogical focus of students learning with technology. 
A strong focus of students learning with technology lies in constructivism advanced 
by Lev Vygotsky and learning-by-doing advocated by John Piaget. These approaches 
seldom lend themselves to high stakes testing. Rather, constructivism and learning-by-doing 
lend themselves to qualitative forms of assessing student learning over time. Kohn (2004) 
commenting on NCLB, suggested that NCLB favored the "jug-to-mug" didactic approach, 
whereby the teacher is viewed as possessing all the knowledge that students need to receive. 
This approach places less emphasis on student-centered learning techniques. Educators like 
Murphy (1999) hoped that in the 21st century this approach would be replaced with 
constructivist epistemology as it relates to technology use. 
I think we're going to move away from the "jug and mug" theory of learning, where 
the teacher has the jug of knowledge and pours it into the mug of the waiting student 
.... the approach [has to be] less about lectures and more about interactive activities. 
(Murphy, 1999, p. 1) 
Conversely, according to Sobol (2004), the standards movement of which NCLB is a 
part is working in some places promoting "clarity of purpose, quality of work, and 
consistency of approach" (p. 469). The bad news, he purports, is that in other places there is 
a "narrowing of the curriculum, a stifling uniformity of practice at a time when discovering 
new ways to use our miraculous learning technologies, and punishing teachers and students 
for failing to achieve what we have not given to them the means of achieving" (p. 469). The 
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narrowing of the curriculum as well as not continuing to develop the potentials and 
possibilities with new learning technologies was implicit in the concerns of teachers and 
principals interviewed. 
It's been a really frustrating year. On top of the grant expiring, there are no 
professional development opportunities for technology built in the budget because of 
the demands ... on me for. . . about curriculum mapping and NCLB .... There are 
some big demands they are putting on us [with the NCLB requirements] and money is 
tight. (Principal 2, Interviewed November 10, 2003. 
It is a challenge for principals to meet the new demands of NCLB. However, the AEA is 
gearing up to assist with the process. "Because of NCLB, we are having to take on more 
responsibilities [at the AEA] (AEA Consultant 1, Interviewed November 19, 2003). In 
conjunction with the new demands for elementary schools and the AEA as well as the 
narrowing of the curriculum purported by Sobol (2004), Papert (2003) asserted: 
Kids are learning with technology in a new way. It's a new paradigm .... We need 
to think about how we develop a "learning culture" [to improve schools].... To 
save the schools, we have to break them. The current move toward standardization is 
a last gasp, 'the last twitch of the dragon's tail' as the old system dies. It is natural, in 
such a time, for the bureaucracy to close ranks, to centrally impose something like 
standardization 'instead of its direct opposite, higher standards.' We're losing the 
chance not to have better learning opportunities for students facilitated by using 
technology, (p. 1) 
In general, the approach in TechCo fostered the development of a learning culture 
emphasized by Papert (2003). As the researcher, I am of the view that the NCLB at this 
juncture in the history of public education in the U.S., is both mistimed and a top-down 
approach to educational reform—with the intent focus on standardization. The favored and 
more sustainable approach would be working with all stakeholders in teacher education and 
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having simultaneously incorporating reasonable and higher standards suggested by Papert 
(2003). As a result of NCLB, much tension and anxiety were felt among teachers and 
principals, who are mandated to enforce the tenets of NCLB or face the consequence of 
receiving a failing grade. Having a failing grade means the school would be mandated to 
improve test scores or run the risk of losing students to charter and/or other public schools. 
Not surprisingly, teacher educators did not identify NCLB as posing a challenge per 
se in their constituency. However, one teacher educator acknowledged that currently, with 
the mandate for high stakes testing, teachers are under more pressure. 
It is a challenge to stay on top of the content and the technology to sell it to others. 
And then I think right now a challenge is... [hesitantly]... I do not want to make it 
political... but there is change and more pressure on teachers these days in terms of 
high stakes testing .... Right now it's very hard sell for technology [integration in 
elementary schools] .... We want to use technology with students as a valuable 
learning tool for them to solve rich problems and do innovative [learning activities] in 
the classrooms. That's not meshing right now with the pressures and obligations of 
teachers. (Co-PI 2, Interviewed October 20, 2003) 
It is anticipated that within a number of years, if the focus is still on NCLB, teacher educators 
will become more concerned about preparing future teachers to meet the requirements of this 
federal mandate. They, too, will feel some of the pressure in-service teachers currently face 
with regards to NCLB. 
Based on the study results, in-service teachers were not as intently focused on 
integrating technology in the elementary curriculum as they were at the start, two-three years 
prior to the NCLB mandate. This has strong implications for sustaining technology 
innovations in teacher education as well as elementary school curriculum. Nevertheless, it is 
through strong and sustained leadership that teacher education proponents will be able to 
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balance the NCLB mandate with continued emphasis on technology integration in the teacher 
education curriculum. 
Third, change in leadership leads to contradictions and tensions, especially when the 
ideological view of the new leader does not converge with the needs and ideological focus of 
the wider community (Fullan & Ear greaves, 1992). In light of ATF, leadership is located in 
the consumption triad, Figure 5.6, where individual needs are satisfied (Holt & Morris, 
1993). 
Tool 
Outcome Subject Object 
Community Division of labor Rules 
Figure 5.6. The consumption sub-triangle in an activity system 
The consumption sub-triangle featured in Figure 5.6 shows the dynamic interactions 
between the community, subject, and object. In this triad, community plays an important 
role. It is in this triad leaders are the subjects belonging to one or more communities 
simultaneously. Over time, shifts in leadership translate into shifts at the intentional, 
functional, and operational levels of activities carried out to sustain technology innovations 
in teacher education. Lewis (2000) suggests that the shifts in focus levels of human activity 
are evident over time. 
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As time progresses, the level of an activity change is dependent on the tasks, goals, 
and outcomes forecasted. Based on the object and outcome of this study, fluctuation among 
the levels was observed. This is in keeping with the dynamism of human activity systems 
(Cole, 1996; Lewis, 2000). In fact, reflecting on the purpose of this study, the TechCo 
project started in 1999 with the vision (high intentions) of renewing teacher education. 
TechCo, as a formal project, ended in 2003 on a similarly high level, celebrating the success 
of this outcome. "In the four-year time span [TechCo] has helped to accelerate the process of 
educational renewal with the goal being to maintain a sustainable technology-rich teacher 
education program" (TechCo's Final Report, 2004). The activities at the functional and 
operational levels also were kept in focus throughout the grant period. Therefore, when 
change in leadership at the departmental level in ISU's TEP took effect, grant activities did 
not grind to a halt, and the focus on renewal of teacher education remained high. In addition, 
other constituencies, such as the AEA, ENGR, and COE maintained their status quo and 
focus on renewal in teacher education. 
What the change of leadership did was reduce the load on the faculty who was 
actively involved [with the TechCo project] and was chair of the department. I got 
some funding and was planning to do some things in my classes, and then I 
essentially moved into the department chair's role .... So, that part of the PT3 did 
not work because of that change in leadership .. . 
[Reflectively] I think maybe I am less of a leader for technology maybe than 
our previous chair. However, not in the negative sense in saying I am the opposite of 
a cheerleader; but in the sense of wanting to see demonstrations of how technology is 
linked directly to student learning and learning in the broad sense—not in the narrow 
sense of achievement tests, or estimates of achievement tests. (C&I chair, 
Interviewed October 25, 2003) 
The evidence in the quote suggests that a change in leadership did not negatively affect the 
TechCo project activities. This was a result of how the leadership 'baton' was passed on 
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smoothly from one chair to the next. In fact, the new department chair was mentored by out­
going chair at the beginning of the transition process. 
In contrast, change in leadership at one elementary school produced unfavorable 
results to sustaining technology innovations in that constituency. In fact, with the change of 
leadership in this school, there were corresponding changes in the leader's philosophy 
towards technology usage and integration into the curriculum. This researcher is of the view 
that the lack of negotiations within this constituency led to distrust, tension, and loss of 
momentum for sustaining technology innovations. This example suggested that the personal 
goals of the new leader were not the shared goals of stakeholders. The result was less 
support for technology integration in favor of a traditional strong focus on literacy and math. 
In this elementary school, the key leaders, including the principal who started with 
the TechCo project were no longer at this school. With more than one key leaders leaving 
and being replaced by a new leader, momentum and continuity of the TechCo project 
activities were lost. Korbak and Espinoza (2001) cautioned that leadership for sustaining 
technology innovations should not reside in one person. In addition, leaders should not act 
unilaterally. 
Rather, leadership should be shared among teachers and administration so that when 
there is a change in leadership, project activities do not die naturally. This concept of shared 
leadership was evident in the university constituency. Thus, when there was a change in 
leadership at the department level, TechCo project activities continued with no undue 
turbulences. 
Change in leadership can lead to turbulence in various elements of human activity, 
including change in the object and outcome of a planned initiative (Kuutti, 1991). This 
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change in leadership and the contradictions associated with the change calls for strategic 
planning (Powers, 2000) and planned changed strategies (Creamer & Creamer, 1993) 
discussed in Chapter 2, in order to meet the planned goals and objectives of renewal in 
teacher education. This required a balancing act on the part of leaders directing the change 
process through TechCo activities. 
In the TechCo project, leaders did not avoid contradictions and frustrations that were 
inevitable. Rather, keen focus was kept on renewal in teacher education (intentional level) so 
that future teachers could continue to being exposed to "meaningful experiences learning 
with technology" (Schmidt, Thompson, & Michelini, 2000, p. 1) at the functional level— 
leading to sustainability of technology innovations at the operational level. 
In summary, ATF contributed to the efficiency and quality of this analysis and 
discussion. Identification of the tensions and contradictions was particularly useful in 
addressing key areas where emphasis needs to be placed in the future. Three primary 
contradictions emerged that were related to budget cuts, policy changes, and change in 
leadership. Each contradiction had an impact on the process of sustainability in each 
constituency and will continue to shape the outcome of renewal in teacher education. This is 
because of the simultaneous renewal concept on which TechCo project was designed. Hence 
changes in one constituency lead to changes in other constituencies. However, the degree of 
change varied, depending on whether or not the constituencies were loosely or tightly 
coupled (Weick, 1976). 
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Conclusions and Recommendations 
Conclusion One: Technology innovations that have been sustained were the 
innovations that were institutionalized, resulting in change in the organization and 
learning culture at ISU and partnering elementary schools. 
Once teacher education faculty and elementary school teachers embraced and adopted 
technology in their teaching, they continued to use technology in their classes beyond the 
TechCo project. The adoption and diffusion of technology in teacher education at ISU 
revealed a change in attitude of faculty and teachers, who collaborated in the effort to renew 
teacher education. Based on the collaborative nature of the TechCo project featuring 
simultaneous renewal, teachers improved their skills of technology integration through a 
range of relevant professional development activities. These activities included one-on-one 
consultations from graduate students; AEA Educational Consultants; ISU faculty, and master 
teachers; technology scholars who focused on learning specific technology applications for 
their classes; and in-service days that were important in elementary schools. These strategies 
were built on existing (institutionalized) strategies for technology integration in teacher 
education—specifically the one-on-one mentoring initiative that was established for over a 
decade prior to PT3 funding. The mentoring initiative also served to develop more 
communities on practice in K-12 schools and the teacher education department at ISU. 
Skills sharing coupled with relationship and respect building among constituency 
members supporting teacher education also contributed to teachers learning and modeling 
technology use in their classes. This quality of relationships was favorable to sustainability. 
In two elementary schools, teachers have used and continue to use technology in creative 
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ways to meet the expressed need of students with individual learning styles. Collaboration, 
community, communication, and commitment were prominent features, leading to the 
success of sustaining technology innovations in ISU's TEP. The technology innovations that 
were in place involved great investments of time and financial resources at all levels-
making it worthwhile that technology innovations are sustained. 
Recommendations 
• Partnerships among constituencies supporting teacher education should remain a 
priority, because the nature of partnerships involves on-going negotiations and 
modifications based on a nourishing and persistent relationship. Past and present 
collaborations sowed the seeds for future collaborations to prepare tomorrow's 
teachers to use technology. 
• Continue working with a community of technology using faculty experts and in-
service teachers, graduate student mentors, as well as pre-service teachers who will be 
"champions" and leaders in their respective teaching fields. 
• Work constantly with all constituencies supporting teacher education in developing, 
implementing, and sustaining further innovations. Once innovations are 
institutionalized, constituencies should be encouraged to continue, collaborate, 
evolve, and function. 
Conclusion Two: Challenges are inevitable in teacher education because of the complex 
dynamic interactions between and among constituents supporting teacher education. 
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However, challenges should be used as a catalyst for change rather than a deterrent to 
sustaining viable technology innovations. 
The process of sustaining successful technology innovations linked with renewing 
teacher education is not linear, but it is subtle, complex, and/or challenging (Fullan & 
Hargreaves, 1999). Successful changes resulted from learning how to approach 
sustainability in new ways, including minimization of challenges. Technology did not 
always work; lack of funding for new resources, lack of time to learn how to apply new 
technology applications, working with a large number of individuals in multiple 
constituencies, access to needed resources, changes in leadership, changes in national 
policies, and teacher turn-over were all challenges encountered in this study. 
However, bearing in mind that challenges were inevitable, due to the complexity of 
TEPs, constituencies facing multiple challenges could learn from them and could opt for 
creative ways of overcoming them. Based on the research evidence, the corner stone for 
overcoming challenges involved strong visionary leadership, that is, leaders having the 
ability to anticipate and convert challenges into opportunities. In the long run, challenges, if 
allowed to persist, will eventually take a toll on the constituency and will result in failure to 
sustain innovation(s). 
Recommendations 
• In teacher education, change will be accelerated with faculty and teacher educators 
having 'release time' to learn the dynamic and complex relationship between content, 
pedagogy, and technology. At the policy level, as part of the professional 
development or teacher quality plan, release time should be a planned strategy to 
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enhance and orientate new teachers and teacher educators to integrate technology 
appropriately in their classroom. 
• Develop a comprehensive professional development program with school districts 
and the AEA to provide continuous in-service training opportunities for teachers. 
• Provide rewards and incentives for faculty working hard at integrating technology in 
their classes, so they receive pay and/or recognition for the immense amount of time 
that they have spent and will spend working on and learning to integrate technology 
in creative ways. 
Conclusion Three: Strong, supportive, and sustained leadership is necessary for 
choreographing the dance of sustainability of technology innovations in teacher 
education. Conversely, frequent changes in leadership resulted in turbulence and lack 
of continuity. 
The literature suggested that strong leadership was a prerequisite for bringing about 
and maintaining change. Support from central and upper administration significantly 
impacted sustainability of technology innovations in teacher education. The approach of 
shared leadership, advocated by Senge (2000), involved sharing the responsibility within and 
among the constituencies supporting teacher education; i.e., taking advantage of the expertise 
in each constituency. In this regard, TechCo project leaders built capacity, allowing each 
participant to develop both their knowledge and skills for implementing technology 
innovations that were compatible within the context of each constituency. 
Participants in this study suggested leaders endeavoring to sustain technology 
innovations in teacher education need to be knowledgeable about teacher education, team 
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players, visionaries, good communicators, ethos builders, risk-takers, "thick-skinned," and 
lead learners with technology. These characteristics also were evident in the literature 
reviewed and in Co-PI l's response. 
I think as we look to the future that leader has to be someone who is very 
knowledgeable about teacher education in general... and has a vision of reform and 
renewal in teacher education. That is absolutely important. Because our view of 
technology is that it will help teacher education do what it needs to do. 
It will help our relationships in schools, it will help us attract brighter students 
to teacher education, and it will help us to grow .... So, that person has to know 
teacher education, has to know technology, has to bring those together with a vision 
for the future, and must be a collaborative [team] leader. (Co-PI 1, Interviewed 
November 14, 2003) 
Being knowledgeable about teacher education as well as a team player were highly 
valued characteristics outlined by Co-PI 1. Each leader may approach technology integration 
having a different philosophical base. However, the bigger goal of renewal in teacher 
education essentially must supersede a leader's self-interests. 
According to Donaldson, Bowe, Mackenzie, and Mamik (2004), learning 
organizations require capable and visionary leaders working in a community of practice that 
is conducive to learning. In this study, such an environment was created, whereby leaders 
encouraged and motivated participants to take the necessary risks to broaden their 
effectiveness. Simultaneously, self-assurance and commitment as well as lasting 
relationships among stakeholders were built successfully. In turn, good practices for 
technology integration in teacher education were sustained because of a strong and sustained 
leadership. "Key leaders must be committed to technology education. Leaders viewing 
project activities as important will support efforts for continuing, sustaining, and improving 
the relationships among constituencies" (TechCo's Final Report, 2003). 
230 
Frequent changes in leadership can negatively impact the process of sustainability. 
However, an innovation should not be built on or based on one leader. The concept of shared 
leadership is important for continuity of a project. In this study, leadership responsibilities 
were distributed among TechCo stakeholders, leading to sustainability of technology 
innovations. In summary, change of leadership can catalyze change in the focus of renewal 
in teacher education with the use of technology. However, distributed leadership was evident 
in TechCo, and a change in leadership did not result in project goals and outcome being 
thwarted. 
Recommendations 
• Strong, sustained, and supportive leadership cannot be substituted and must be 
valued. 
• Teacher educators leading change in preparing tomorrow's teachers to use 
technology should continue to focus on distributed leadership with the view for 
renewal in teacher education. 
• Intensify the leadership and partnerships with the current school districts and the 
AEA in order to scale up student learning with technology on a broader landscape 
while simultaneously sustaining lasting relationships among university and 
elementary school partners. 
Limitations of the Study 
In retrospect, there are specific limitations in this research, which should be addressed 
as a means for improvement or development of potential strategies for further study. The 
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first limitation highlights the fact that the study was based on the qualitative views of 13 
participants from five constituencies supporting teacher education. Participants were 
selected because of their involvement with the TechCo project. A different sample including 
students, master teachers, technology scholars, and support staff who have participated in 
TechCo may yield different results and conclusions 
A second limitation of this project reiterates the point that the results of this study will 
provide insight into one teacher education program with its selected collaborative 
constituencies. As in any other qualitative research, the generalizability of the case study 
results to other populations may be limited. 
The third and probably most important limitation associated with this research is 
researcher bias. The researcher had a triple role at ISU. As a student, a researcher, and a 
paid evaluator for a similar PT3 project, the researcher subjective viewpoints have to be 
considered when interpreting the results. 
Implications for Future Research 
This exploratory study suggests several directions for future research. First, this 
study highlighted the vital role of leaders providing resources as well as shaping ideas for 
generation and adoption by others. It would be beneficial to explore further the social 
dynamics of relationship building among key leaders in each constituency. In so doing, the 
researcher would find out what variables were most influential for shaping the opinions and 
ideas generated, regarding technology innovations. 
Second, at the time of conducting this study grant monies had just expired. Further 
research should be conducted in two-three years to determine what technology innovations 
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were indeed sustained and the reasons why they were sustained. This research would yield 
findings addressing whether or not the strategies identified in this research as being 
sustained, were sustained. 
Third, in light of the challenges brought on with the NCLB Act of 2001, it will be 
important to conduct a longitudinal study specifically tracing the impact of NCLB legislation 
on preparing future teachers to use technology. Have teacher educators been proactive in 
making adjustments to the NCLB? Have the rules for preparing pre-service teachers changed 
as a result of NCLB? Simultaneously, analyzing where NCLB fits into the broader National 
Education Technology Plan (NETP) should also be considered. The NETP considers today's 
students, including their assumptions and expectations about technology in their education. 
These attitudes and beliefs have tremendous implications for schools and the way instruction 
is provided (National Education Technology Plan, 2004). 
Finally, having used R'DIT and ATF as the theoretical frameworks for this study, 
further research could include using both theories as the foundation for developing a 
comprehensive ecological sustainability model. This model should be tested in a variety of 
situations and institutions concerned with maintaining technology innovations. As part of the 
model development process, making use of the second-generation principle of ATF would be 
useful. 
Implications for policy and practice 
In examining policy implications, a point of caution regarding generalizability must 
be heeded first. The sample in this case study was by no means representative of all teacher 
education programs. The teacher education program examined was atypical in that it was an 
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award-winning program; modeling the use of technology in the teacher education many years 
prior to PT3 fund acquisition. However, one of the secondary purposes of this study was to 
deepen the portrait of ISU's award-winning TEP. In addition, the partnering elementary 
schools also were not representative of all elementary schools integrating technology into 
their curriculum nationally. However, the results of this study are transferable as they 
provide a panoramic view of the strategies, challenges, and leadership requirements for 
sustaining technology innovations in one TEP. 
Based on the results of this study, three implications for policy and practice are 
advanced: (1) recruit and selection of technology using teachers and faculty, (2) training and 
opportunities to explore and learn with technology, (3) and a pragmatic possibility for 
developing a successful learning community for pre-service teachers at ISU. 
Recruitment 
Special efforts should be made so that in-service teachers and faculty recruited in the 
elementary schools and teacher education programs favor the use of technology integration. 
A policy that TEPs and elementary schools could adopt is advertising positions with 
technology use as a requirement. Teacher recruits should also demonstrate their use of 
technology in teaching and learning through displays of electronic portfolios and/or lesson 
plans that show their creative uses of technology in teaching. The department chair 
recommended recruiting technology proficient scholars in teacher education. 
The university is moving towards becoming a more and more research extensive 
university and so that is one of the driving forces impacting how we hire and set the 
criteria for promotion and tenure .... And so, the culture changes as the values and 
experiences and expectations of people in that culture change. And so, we have hired 
more people who have strong technology and more of a research extensive university 
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background, based on their graduate programs and prior experiences . .. these people 
also have a strong history of publication and research. And we have certainly 
devoted more resources for hiring people in the technology area that provides support 
for that area. (C&I chair, Interviewed October 25, 2003) 
Hiring scholars with strong technology and pedagogical backgrounds is a priority in the 
teacher education department as suggested by the current department chair. Co-PI 1, who 
was the former department chair, reiterated the point of hiring technology proficient scholars. 
"Hiring faculty who brings strong technology expertise to us so that we continue to grow and 
change has been important" (Co-PI 1, Interviewed November 14, 2003). In the elementary 
schools, hiring teachers experienced with and/or willing to learn to integrate technology in 
the curriculum also was important. 
Well, I think you have to hire teachers willing to infuse technology into the 
curriculum .... So they have to be knowledgeable on current trends on how to 
infuse technology into the curriculum. The background and the hardware stuff is nice 
because with money being the way it is they cannot hire a bunch of new people to 
take care of the computers. So, if you can kill two birds with one stone it better for 
the district. (Principal 1, Interviewed November 18, 2003). 
If new teachers were hired who are already knowledgeable about technology integration, the 
school district would spend less on training for such individuals. In addition, employing 
trained teachers can be an asset in a school district. These individuals could help other 
teachers develop the confidence and skills to use technology in their classes. 
Training and educational opportunities for using technology 
The onus is on TEPs to educate future teachers as well as teacher education faculty to 
use technology. Technology use needs be diffused across the TEP. Time should be allotted 
to both faculty and teachers to learn with technology, in an environment supportive of risk-
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taking. Based on the findings in this study, to some extent, this has happened through 
funding from PT3. However, with PT3 funding expired, teachers and faculty must still be 
allowed to participate in responsive faculty development activities. These activities must 
include the opportunity to learn to use technology through 'play.' Thus, release time should 
be built in the teacher and faculty contracts and faculty quality plans, allowing them the time 
to learn to use technology effectively. 
Sustaining technology innovations in teacher education is determined largely by the 
compatibility of the innovations with the skills and aims of teachers and faculty (Zhao & 
Frank, 2003). One way in which technology use is adopted and diffused in teacher education 
is through rational choice. Rational choice theory advanced by Louis, Toole, and Hargreaves 
(1999) focuses on how changes in the wider environmental conditions affect individual 
operational decisions. 
I think teachers need time to learn with technology. A building needs some 
technology leaders who can facilitate/support the use and learning by their peers. 
We need a plan to train the teachers to use technology. (Principal 3, Interviewed 
November 17, 2003) 
In this study, teacher educators were viewed as purposeful and rational decision­
makers in chbosing to adopt and sustain technology innovations. Providing teachers with 
options to learn to integrate technology where the social, environmental, and economic 
conditions are favorable (Duhaney, 1999) and positively affect the decisions of the 
technology users (Rogers, 1995). Employing the strategy whereby teachers and faculty use 
and observe their colleagues being engaged with technology can further promote diffusion of 
technology use in teacher education. In addition, this strategy also could enhance community 
support and engagement among communities of practice. 
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Pragmatic implication 
The results of this study indicated that in less than a year, the second TechCo cohort 
of students will graduate. How can this successful model for students to learn with 
technology be sustained? One possible way of sustaining the cohort concept is to develop a 
learning community whereby pre-service teachers continue to take core classes together 
and/or live in the same residential setting. 
One of the very interesting things is that the university [ISU] has a big emphasis on 
learning communities. Frankly, I do not see much of a difference between a learning 
community and a cohort. The university offers money so if you want to maintain this 
[cohort experience] in some way, shape, or form maybe that's a structure in the 
university that we need to take advantage of.... [Why not] call the [cohort] learning 
community? Well, it speaks to sustainability. Our program also has some 
responsibility to look for mechanisms for sustaining themselves in creative ways. 
(C&I chair, Interviewed October 25, 2003) 
ISU values both technology integration in the curriculum and learning communities as 
evidenced in the final report on learning communities. 
Learning communities at Iowa State University began as a grass roots effort in 1994, 
with the first learning communities implemented in the fall of 1995. Since that time, 
tremendous growth and innovation have taken place, accompanied by growing 
enthusiasm for the learning community concept. An exceptional strength of the 
learning communities program has been the continual dedication to development of 
intentional partnerships between Academic and Student Affairs to holistically 
improve student learning. 
The first goal of the Iowa State 2000-2005 Strategic Plan is to "enhance 
learning through exceptional learner-centered teaching, services, and enrichment 
opportunities." Embedded in this goal are the characteristics of innovative teaching 
and learning programs ... and continuous improvements in student retention and 
graduation rates. The Iowa State University learning communities foster the 
attainment of this goal and meet the challenges of its characteristics, while improving 
the lives and the learning of our students. (Policy Center on the First Year of College, 
2003, p. 1) 
Developing a learning community as a strategy for sustaining technology in teacher 
education is a natural fit in the culture of ISU. Therefore, in the teacher education 
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department, both the cohort and technology concepts could be successfully combined in an 
attempt to sustain this viable means of developing proficient technology-using teachers. 
With students taking classes as a learning community and/or living in a shared space, 
it is likely that they become more actively engaged (Astin, 1985) in the learning process. A 
learning community focused on technology in teacher education could make a powerful 
model for other institutions to adopt. Currently, there already exists one learning community 
focusing on secondary education students in the COE (ISU's Learning Community Web 
page, 2004). This learning community can be sustained with a renewed focus on technology 
integration for all teacher education majors. One of the underlying assumptions about 
learning communities is their ability to offer an excellent opportunity to promote and develop 
experiential learning experiences for students. 
Dissertation Summary 
This section summarizes the steps in conducting this research. The purpose of this 
study was to explore the dance of sustaining technology innovations in teacher education. To 
accomplish the purpose of this study, 13 participants from five constituencies supporting 
teacher education were interviewed. Participants were chosen because of their active role in 
the Technology Collaboratives (TechCo) project where Preparing Tomorrow's Teachers' to 
use Technology (PT3) grant activities were coordinated and disseminated. For triangulation 
of data sources, document analysis and on-site observations supplemented the interview data 
in answering the three research questions: 
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Research questions 
1. What strategies are used for sustaining technology innovations in teacher 
education? 
2. What challenges are encountered when trying to sustain technology innovations in 
teacher education? 
3. How does leadership impact the process of sustaining technology innovations in 
teacher education? 
Using a naturalistic research paradigm (Lincoln & Guba, 1985) as the overall 
approach based on the phenomenological epistemology (Moustakas, 1994), an instrumental 
case study prototype postulated by Berg (1998) was the research design selected. A 
purposeful sampling of TechCo's project partners was utilized. A structured interview 
format was selected for interviewing participants. Interview questions were developed from 
previous validated instruments. Additional questions relevant to the two theoretical 
frameworks also were developed and used in the interview protocol. Pilot testing provided 
the researcher with concrete information on refining the interview protocol. 
Twelve face-to-face and one telephone interview were conducted between October 
and December 2003, providing the primary data for this study. Document analysis and direct 
observations provided secondary supporting data and served to triangulate the data sources. 
The data collected were collated, coded twice for themes by the researcher and an 
independent coder, and then analyzed using the methods prescribed by Yin (1993), Miles and 
Huberman (1994), and Krathwohl (1998). For trustworthiness in conducting and analyzing 
this study, attention was paid to credibility, transferability, dependability, and confirmability 
features outlined by Lincoln and Guba (1995). 
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Data analysis strategy utilized a modified version of the constant comparison pattern 
analysis advanced by Strauss and Corbin (1990). The 'pawing,' cutting, and pasting 
techniques recommended by Ryan and Bernard (2000) for theme identification also were 
utilized as part of the data analysis strategy. 
Reflecting on the results presented in Chapter 4, technology innovations were not 
always diffused and adopted readily, even when the advantages were highlighted (Rogers, 
1995). Rather, early adopters had a crucial role in encouraging and sometimes persuading 
late adopters to experiment with technology and access the perceived benefits for themselves. 
The two theory-driven research frameworks selected to furnish a clear understanding of how 
technology innovations were sustained in Iowa State University's (ISU's) Teacher Education 
program (TEP) were Rogers Diffusion of Innovation Theory (R'DIT) and Activity Theory 
Framework (ATF). 
Three major strategies for sustaining technology evolved from this study (1) 
educating and supporting in-service teachers and teacher educators in using and integrating 
technology in their courses; through mentoring, course and curricular redesign, as well as co-
curricular activities; (2) collaborative teamwork and partnerships among stakeholders across 
the five constituencies supporting teacher education; and (3) strong support from key 
personnel including administrators and master teachers. All strategies were supported in the 
literature. 
Five major challenges also were identified as impacting the process of sustaining 
technology innovations in teacher education. They were lack of time and funding, tensions 
and negative attitudes of people, lack of resources, lack of technical support, and changes in 
policy requirements. These challenges mirrored the challenges found in the literature. 
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Further contributing to these challenges were three major contradictions made visible 
through ATF. Contradictions evident in this study were related to budget, federal No Child 
left Behind (NCLB) mandate, and change in leadership. However, it was found that 
contradictions were a normal sign in ISU's TEP as a learning organization and not a sign of 
dysfunction (Holt & Morris, 1993). 
Finally, several characteristics of leaders capable of sustaining technology 
innovations in the midst of challenges were identified. These characteristics included 
being knowledgeable about technology and teacher education; a visionary—building 
a shared vision; a systems thinker capable of seeing the big picture; a team player and 
team learner; strong communicator; good listener; ethos builder paying attention to 
organization climate and culture; as well as being "thick-skinned" (Co-PI 2, 
Interviewed October 20, 2003) 
Community-building efforts, including formal and informal celebrations spearheaded 
by leaders also were important features recognized by participants. For participants who also 
were leaders in this study, community-building efforts were part of the legacy they 
contributed within the TEP. To synthesize the knowledge gained from conducting this 
study, the researcher engaged in reflect-on-action (Schôn, 1988) presented in the epilogue to 
this dissertation. This reflect-on-action process connected the researcher's experiences and 
feelings while and attending to the theories used to guide the study. 
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EPILOGUE 
REFLECTIVE PRACTICE: REFLECTION-ON-ACTION 
Introduction and Overview 
The first five chapters of the dissertation presented my exploration of the dance of 
sustaining technology innovations in teacher education. As I look back at the research 
process I was drawn to Schôn's (1988) concept of being a reflective practitioner. A 
reflective practitioner takes the time to reflect on practice. By way of definition, reflective 
practice is essentially a process of clarification that may reveal alarming discrepancies 
between one's intentions, ethical values, and actions (Schôn, 1988). Reflective practice 
captures two types of reflective activities: 
• Reflection-in-action, which occurs during (not interrupting) the activity; and 
• Reflection-on-action, which occurs either during (by interrupting) or after the activity, 
i.e., the reflecting done after the event, actively thinking through, and often discussing 
the incident with others. To an extent we all engage in reflection-on-action, whether 
formally or informally (Meredith, 2003). 
In this epilogue, I reflected-on-action connecting my experiences with my feelings and 
attending to the theories I employed in my study. According to Schôn (1988), 
The [reflective] practitioner allows him/herself to experience surprise, puzzlement, or 
confusion in a situation, which he finds uncertain or unique. He [she] reflects on the 
phenomenon ... on the prior understandings, which have been implicit in his [her] 
behavior. He [she] carries out an experiment, which serves to generate both a new 
understanding of the phenomenon and a change in the situation, (p. 68) 
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In light of Schôn's declaration, I attend to my experiences, puzzlement, and the 
confusions encountered as a novice "backyard researcher" (Glesne, 1999, p. 93) in this 
epilogue. Therefore, I will be intentional and deliberate (reflexive) in revealing to my 
audience the underlying epistemological assumptions that caused me to formulate a set of 
research questions, seek answers to those questions, and finally to present research findings 
in a particular way (Ruby, 1980). 
Upon reading the first five chapters of my dissertation, it should be obvious that I had 
my own biases for choosing qualitative research paradigms, and the object of my research. 
Using the qualitative paradigm was a reflexive activity in itself that constantly informed my 
actions. It allowed for my subjectivity, including acknowledgment of my biases in the 
research process (Yin, 1994). However, I strongly believe that I have successfully 
represented my biases. This is evidenced in Chapter 3, where I addressed ethical 
considerations in conducting qualitative research. 
As part of the ethics of conducting research, I believe I am obligated to be reflexive 
and self-critical (i.e., reflect-on-action) about my work. Specifically, my normative 
motivations (Moustakas, 1994) for this study must be highlighted. A final point I would like 
to make in these introductory remarks is that my self-exposure is definitely not idiosyncratic 
to me, or for that matter to the field of teacher education and technology. Therefore, in the 
next section, I provide a reasoned argument and a strong justification for my reflection-on-
action in this study addressing sustaining technology innovations in teacher education. 
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Arguments and Justification for Reflection-on-Action (Reflective Practice) 
Even though reflective practice can appear to be an ambiguous task, especially as it 
relates to one talking about him/herself, this reflection is by no means meant to evoke self-
pity, aggrandizing, self-justification, or self-indulgence. Rather in my evaluation of the 
purpose of reflection-on-action, this activity is important to add credibility to my work 
(Schôn, 1983; Argyris & Schôn, 1996). Notice should be taken of how I did not refer to 
myself in the first person throughout the dissertation. Upon reflection on this omission, 
referring to myself in the first-person felt somewhat uncomfortable. So, why is it so difficult 
to talk precisely about one's self—including his/her presuppositions, choices, experiences, 
and actions during the research process? 
According to Mruck and Breuer (2003), it is difficult, in part, because self-disclosure 
and self-criticism become paradoxical for the researcher to exclude his/her subjectivity. I 
found that being willing to criticize myself was a key part of the reflective process. Meredith 
(2003) suggests "we must be willing to challenge our own actions, assumptions, beliefs, and 
practices, because therein lies the fundamental power of this approach to increase personal 
effectiveness" (p. 2). Now, it is in response to this challenge that I expose and bring into 
question—my thoughts, assumptions, beliefs, and actions. In summary, this requirement 
included a critical self-reflection of the ways in which I conducted the research, shaped the 




My justification for including this reflection-on-action as the epilogue of my 
dissertation is based on the assumption that qualitative researchers generally engage in 
reflective practice. It is in the process of reflection-on-action that I expose my inner thoughts 
and feelings. As a result, I have not covered-up or glossed-over my inadequacies in the 
research process. Exposing my insights of being a qualitative researcher, who interacted 
continuously with participants in this study, will help readers get a peek into my motives and 
design for conducting qualitative research, addressing the dance of sustaining technology 
innovations in teacher education. 
Design of the Reflection-on-Action 
My reflection-on-action is organized in the following way. First, I will address the 
beginning of the research process; second, attention will be turned to choosing and refining 
the research topic and research problem; third, choosing and refining the methodological 
approach; fourth, my positioning and actions in the field; fifth, an analysis and interpretation 
of the research data; and sixth, lessons learned and conclusions I have drawn regarding my 
reflection-on-action. Interwoven within these major sections are the tensions, frustrations, 
and contradictions I felt as I experienced this process. 
Beginning of the Research Process 
At the beginning of the research process I was interested in learning about the object 
or phenomenon (sustainability). In order to clearly understand sustainability, the interpretive 
epistemology was selected. Furthermore, in seeking understanding of the meanings 
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participants attached to sustainability, I decided to use the phenomenology approach to 
complement the interpretive design. The three research questions posed were meaningful 
and appropriate. The research questions were aimed at getting the full understanding of 
participants' views regarding sustaining technology innovations in teacher education. This is 
the focus of my dissertation. As I proceed with my reflection-on-action, readers need to bear 
in mind that the steps and iterations in this research were integrative and not as linear as I 
have presented them. 
Choosing and Refining Research Topic and Sharpening Research Problem 
During this process the research object (sustainability) was chosen based on several 
normative motivations. First, the object was researchable; second, I had a keen interest in 
the topic, having worked with the Technology Collaboratives (TechCo) project; third, the 
research was applicable and transferable; and fourth, there was considerable local and 
national interest in the object of this research. Upon reading Glesne's (1999) study, she 
likened qualitative research to the choreographing of a dance as well as well as Boyatzis 
(2004) case addressing leadership development without emotional intelligence is like dancing 
without rhythm, my own interpretation of the process of sustainability took on the art form of 
dance as a fitting metaphor. 
Dance as an art form can be designed and interpreted in multiple ways, in a similar 
way qualitative research can be approached and interpreted from multiple perspectives. I 
have always loved to dance, because the physical expression of one's self through music and 
dance have always intrigued me. Deep reflection on the metaphor dance brought back many 
memories to me of "dancing in the streets" in Jamaica, my homeland—where reggae music 
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and dance reign supreme. Aligning sustainability to the concept of dancing in the streets was 
a vivid way for me to conceptualize and understand the dynamic, intricate, and complexity of 
sustaining technology in teacher education. Thus, a research method capable of clarifying 
the intricacies of sustaining technology innovations was important in this study. Having 
selected the object of the research through an active and constructive process, over time, I 
refined my topic and the methodological approach for the study. 
Choosing and Refining the Methodical Approach 
I needed a method of collecting data and a methodological approach that would help 
me obtain the answers to the research questions posed. The case study methodology 
advocated by Yin (1984/1993) was chosen in order to deepen the portrait of Iowa State 
University's (ISU's) award-winning teacher education program. Initially, I conceived 
pursuing multiple case studies and employing both qualitative and quantitative research 
paradigms. However, two issues were of primary concern to me, (1) my inability to find 
validated research instruments for the quantitative part of the study and (2) gaining access to 
multiple institutions within a short time frame. 
My time frame was a very important variable to be considered because of my visa 
status. As an international student, I must complete my program of study in a prescribed 
timeframe. Therefore, I did not have the luxury of time to develop research instruments with 
the necessary psychometric properties. I was very open to refocusing and refining my topic 
in a timely fashion. Therefore, with the expert guidance of my advisors and the reality of the 
time frame ahead of me, I decided to conduct an in-depth single case study at ISU. In fact, a 
relationship with participants was already established and access would be gained much 
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easier at ISU than at other institutions. Granted, I was a "backyard researcher" (Glesne, 
1999, p. 15) and that carried its own limitations. My willingness to accommodate changes 
spoke to my flexible attitude and determination to learn from expert researchers, actively 
engaged in conducting qualitative research in the field. 
Positioning and Acting in the Field: Interacting with Participants 
The data collection methods lending themselves most readily to my case study 
inquiry were interviews, document analysis, and on-site observations. Here, too, based on 
my prior experience of conducting interviews, analyzing documents, and reporting, on-site 
observations became a natural fit because of the social capital I brought to the study. This 
experience was augmented from conducting a pilot-study prior to the main case. Multiple 
methods of collecting data led to data triangulation. However, the question posed by Breuer 
and Roth (2003), "what differences are eliminated through triangulation" (p. 2), raised an 
interesting query in my reflection-on-action. I was keen on triangulating the data sources as 
an area for generating confidence in the data that Guba and Lincoln (1994) highlighted. In 
fact, Breuer and Roth (2003) suggested validity and merit of informational difference. They 
likened informational differences to the imagery of sight. 
Informational difference [in qualitative research] is used to add depth of perception 
like in binocular vision. Our two eyes see the world from a slightly different 
perspectives, which create a new perceptual quality in depth perception. To see in 
depth, we require different perspectives even if these are very small. Gaining "depth" 
is a general principle of knowledge production that arises from the juxtaposition of 
multiple, different perspectives, (p. 2) 
In this study the juxtaposition of multiple perceptions of participants in constitutions 
supporting teacher education was evident. For example, in one constituency, triangulation of 
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data was not obtained. This is represented as the negative case later in this paper. However, 
the major portions of the data collected were triangulated. 
Having decided on my object and developing clarity about the data collection 
methods, simultaneously, I considered the perspectives and whose "voices" would be of 
interest to the object of my research. Ellertson and Schuh (2002) encouraged qualitative 
researchers to ensure that the voices of participants are heard in presenting research findings. 
I was most interested in hearing the voices of TechCo project participants. These 
participants were found in five constituencies supporting teacher education. Their 
experiences with the TechCo project for three years prior to my entering the field were 
important. 
Entry into the field became crucial. Knowing the gatekeepers in each constituency 
also was important. Having built a strong relationship with the gatekeeper of the TechCo 
project, I asked her to recommend participants to me and help me gain access in all 
constituencies. At ISU, I was an insider whereas in the other constituencies I would be an 
outsider. This fact had implications for the level and depth of information I would ultimately 
receive from participants. In essence, upon reflection, the reciprocal actions between 
participants and me in constituencies where I was a stranger 'colored' the language, depth, 
thickness, and richness of the dialogue. This had implications for the quality of data I 
gathered and how I interpreted and presented the data. 
Data Analysis and Interpretation 
Upon reflection-on-action, good analysis requires efficient data management. 
According to Dey (1993), how well one reads his/her data helps to determine how well the 
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data are analyzed. He further noted that reading prepares the ground for analysis and must be 
"an active and interactive process" (p. 4). The first step in qualitative analysis is to develop a 
thorough and comprehensive description of the phenomenon under study. Geertz (1973) as 
cited in Denzin (1979) call this 'thick' description. If 'thin' description merely states 'facts' 
a 'thick' description includes information about the context of an act, the intentions and 
meanings that organize action, and its subsequent evolution (Denzin, 1979). Thus, 
description encompasses the contexts of action, the intentions of actors, and the process in 
which action is embedded. 
The data I recorded and reported were analyzed and interpreted as relevant to the 
object of my research. By this action, what did I leave out? This is a relevant question that 
sent me back to my original transcripts. What I found I left out were data that, in my view, 
were not specifically tied to answering the research questions. For example, in one 
constituency one participant challenged my use of the term "technology innovations." He 
insisted that I should use the term "learning innovations" instead. This posed both confusion 
and frustration for me during the interview process. Consequently, as I re-read the transcript, 
I found that by the time we reached the final section of the interview protocol, discussing 
leadership, he used the intended terminology "technology innovations." 
I made the decision to exclude this aspect from the research because learning 
innovations in my view are related to teaching and learning strategies, which was not my 
study focus. Including this information in the report would not fit the purpose and intent of 
this research. According to Guba and Lincoln (1994), the researcher must make a decision 
about the data to be represented in the final report. In fact, there is always more data than 
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can be represented. Hence, the data must be reduced as the researcher determines where the 
data units fit best in the overall research. 
Furthermore, a second omission entailed tangential stories. During the data analysis 
process, I interpreted them as being irrelevant to my research object. However, the tangential 
stories were not irrelevant to participants who shared them. For example, one participant 
spoke at length about the development of the first computer and the first automobile. I made 
the subjective judgment in deciding that this specific information did not relate to the focus 
of the study. Did I have an obligation to represent the ideas of participants regarding 
sustainability? As a qualitative researcher, I had an obligation to represent the views of study 
participants ethically. However, without ignoring ethical principles I was selective of the 
views that I assessed as being relevant for the final research report. 
Here, I have displayed my authority in choosing data to be reported. Qualitative 
researchers are described as "human instruments" (Hoepfl, 1997) in the data collection and 
research process. Voices also were missing from the pool of participants I chose to collect 
data from. In fact, a crucial stake holding group whose voices are not represented in this 
study is that of pre-service teachers. This was deliberate and not an oversight. In fact, at this 
juncture, the voices of pre-service teachers would not fit the scope and purpose of the 
research. Conversely, I was careful to represent the voices of all participants from the 
different constituencies, as I paid attention to "fair dealing" as well as negative cases featured 
in the next section presentation and representation of data. 
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Presenting and Representing the Data 
In presenting and representing the study data, the perspectives depicted in the final 
document were primarily that of the participants. Where my subjective interpretations and 
perspectives were fitted to the data, I clearly labeled them as my perspective. In presenting 
the data, I was determined not to alienate nor prejudice my audiences. I worked hard to 
reach a broad audience of teacher educators, grant agencies, policy-makers, in-service and 
pre-service teachers. Therefore, I provided a panoramic view, with sufficient depth, of how 
one award-winning teacher education program sustains technology innovations. It is my 
hope that I have used this text to win over and/or educate audiences in higher education as 
well as K-12 education who do not see technology as a useful tool in enhancing student 
learning and ultimately, catalyzing renewal in teacher education. As I 'mine' this 
dissertation and conduct further research into the phenomenon sustainability, I will develop a 
deeper understanding as well as authority in the field. At the forefront of subsequent 
manuscripts, I will continue to pay close attention to representing the voices of all 
participants. 
In an attempt to structure the dialogue and to fully represent the views of participants, 
their feedback to my interpretations was crucial. As part of the member checking procedure, 
all participants were sent a copy of the transcribed notes, a list of the quotes to be used in the 
final manuscript for approval, and a document presenting the findings to the three research 
questions. Even though the response rate to member checking was dismal, the feedback 
received from few participants was incorporated in the final dissertation document. In 
presenting the data, fair dealing in representing participants' voice was ensured. 
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Fair dealing 
I paid attention to what Dingwall (1992) calls "fair dealing" as I represented the 
voices of participants from the various constituencies. This was one way to reduce 
researcher bias and tell the full story. It was important that the research design explicitly 
incorporate the wide range of perspectives and viewpoints of multiple participants. In fact, 
my intention was not to achieve universal truth—neither to represent the voices of only one 
participant nor that of participants in one constituency. In other words, I strived to represent 
the voices of participants even-handedly, whether a negative or positive view was presented. 
However, to my amazement some voices were represented more than others. Upon 
reflection on this action, the unwritten criteria I followed were based on the language used by 
participants, depth of discourse, and richness of the data obtained from the participant. 
Interesting enough, it was while I compiled the quotes for member checking by participants 
that I realized the voices of some participants were more distinct that others. Although I 
have represented some voices more than others, I represented the voices of all participants. 
Even where I assessed the language to be negative, the discourse shallow, or description thin, 
I represented all 13 voices of the participants in this study. This is because in qualitative 
research one way of generating confidence in the data is to pay attention to negative cases 
(Lincoln & Guba, 1985). 
Attention to negative cases 
Paying attention to negative cases was one way to explore alternative explanations for 
the data collected (Guba & Lincoln, 1994). Discussing the elements in the data that 
contradict or appear to contradict the emerging explanation of the phenomena was an 
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important feature in my approach to this study. In fact, one of the reasons for choosing 
Activity Theory Framework (ATF) was its strong ability to unearth contradictions, inevitable 
in complex, dynamic, and loosely coupled systems (Weick, 1976) such as teacher education. 
Evidence that counteracted my initial assumptions that all constituents were (1) in 
favor of the model used for renewal in teacher education and (2) interested in sustaining 
technology innovations are represented in the final report as well. Qualitative researchers are 
urged to retrieve not only data bits that support their positions but also to retrieve data that 
may be considered inconsistent and/or contradictory (Dey, 1993). By paying attention to 
negative cases, I increased the sophistication and credibility of my research report. 
According to Ruby (1980) and Hammersley (1990), another method of incorporating 
negative case analysis is to include different findings from different studies into the 
overarching analysis. 
In this research, different findings from other research are included. For example, 
Fullon (1993) found in her study, that churn in the teacher profession was a significant 
challenge in the schools where she conducted her research. Similarly, Korbaz and Espinosa 
(2001) emphasized that teacher turnover and teacher burnout were challenges common in the 
schools in their case study sites. These findings differ from my findings. First, churn was 
not evident in the schools where I conducted interviews. Noteworthy is the point that 
participants indicated that churn was too strong a term to describe the rate of teacher turnover 
in their constituencies. There was some level of teacher turnover, but the rate was far below 
the national average. Second, burnout was not identified as a challenge in this study. 
So far in my reflection-on-action, I addressed the beginning of the research process; 
refining and shaping the research problem and methodological approach; data analysis and 
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interpretations; and presenting and representing the data. In the final section, I will wrap up 
the reflection-on-action by taking a critical look at the lessons I learned from this reflection 
and the research process in general. The conclusion of this epilogue follows the lessons 
learned. 
Lessons Learned 
In this section, I will strive to represent only key areas of learning I experienced. 
1. By nature I am not a reflective person. 
Taking the time to reflect-on-actions carried out in my qualitative research has 
strengthened my initial brittle understanding of sustaining technology innovations in teacher 
education. I have the ability to reflect but I do not invest in time to reflect-in-action, as I 
should. I am able to reflect-on-action when I have to. This activity has helped me see the 
importance of reflecting-in and on-action, especially as it relates to conducting qualitative 
research. The need to probe deeply into my thought processes, criticize myself, reveal my 
thoughts, fears, experiences, and confusions in conducting this research was not easy. 
Luckily for me, within the qualitative research tradition, there is acceptance and room for this 
self-exposure and subjectivity. 
2. Plausibility, coherence, and credibility in mv research were constructed in multiple 
ways. 
I became conscious about these ways through the reflection-on-action process. 
First, the research is grounded in two well-established, substantive, and respected process 
theories. Both theories complemented and did not rival each other. According to Yin (1993) 
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"I have found no concept more helpful in conducting research than the concept of rival 
theories .... [However], identifying a true rival theory is not always easy" (p.60). I looked 
for relevant theories capable of grounding my exploratory study. Thus, rival theories were 
not appealing to me. However, I am currently 'dancing' with the idea of identifying possible 
rival theories I could have selected. Second, the literature review informed the research 
questions and the directions for the research. As a result, the literature review was presented 
thematically, based on the thesis of each research question. Third, the research design was 
appropriate for the scope and purpose of the research. Fourth, the results are presented 
based on the emic evidence derived from the data. In that, thick and rich descriptions 
augmented by quotes and excerpts, are evident in the final manuscript, whereby the voices 
and perspectives of the participants are heard. 
3. Research conducted must be relevant not just to the researcher, but also to a 
broader audience who can benefit from it. 
First, as I look back on the procedure I followed in conducting this research, I am 
more cognizant that for my qualitative research to be effective, it had to be "relevant in some 
way to a public concern, though this did not necessarily mean that the research should 
slavishly adhere to the immediate concerns or problems defined by policymakers, 
professionals, or managers" argued Hammersley (1990, p. 2). Second, this original research 
is relevant because it adds to the scant body of literature on sustainability in the social 
sciences, and specifically the areas of teacher education and technology. Third, it has the 
potential to increase the confidence with which existing knowledge on sustainability is 
interpreted. Finally, another important dimension of relevance is the extent to which the 
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findings in my research can be generalized beyond the setting in which they were generated 
Dey (1993). 
In conducting an in-depth naturalistic case study, I was not interested in 
generalizability of the findings. The research method chosen, coupled with the sample size, 
do not lend themselves generalizability due to a lack of representativeness. Quite frankly, 
this lack of generalizability is not a limitation either. Conversely, the findings of this 
research may be transferable to some degree in other settings. Having reported the procedure 
and findings with sufficient descriptive detail (consistent with an audit trail), each reader is 
able to judge whether or not (1) the findings apply in other settings and (2) the study design 
could possibly be adapted and replicated in another setting. Replicability and originality of 
this research increases its utility and potential impact in the field. 
4. The originality of this research lies in the use of two separate but complementary 
theoretical frameworks. 
In the literature reviewed, no other studies combined the two theoretical frameworks I 
chose. In this study, the combination of two substantive theories strengthened and helped to 
provide a holistic, thick, rich and in-depth analysis of sustainability. The theories promoted a 
'binocular vision,' advocated by Breuer and Roth (2003). This binocular vision was needed 
because sustaining technology innovations in teacher education is a complex process that 
cannot be adequately explained by a simple linear theory or framework. Therefore, two 
complementary theoretical lenses were selected. Together, they unpacked the richness and 
multifaceted structure of the construct sustainability in teacher education, adding to the 
impact this research may have in the field. 
257 
5. This research has far reaching implications and potential impact in the field. 
Having presented my research data at two conferences, there are audiences who have 
already benefited for this research. In addition, my study was selected as the second place 
winner in the Iowa Educational Research Association (IERA) poster competition December 
4, 2003. This award acknowledged and reinforced the significance and impact that my 
research has already had on this distinguished scholarly community. The distinguished panel 
indicated an interested in the final report. 
In addition, I am in the process of completing a manuscript, with a colleague, based 
on my research to be submitted to a prominent European journal. Acceptance will lead to 
further impact at the international level. As I reflect on the interview procedure and the 
observations I recorded, my research can be valuable to the following stake holding groups, 
(a) the PT3 grant awarding agency, (b) teacher educators worldwide, (c) department chairs 
striving to balance their shrinking budgets creatively without jeopardizing student learning, 
(d) elementary school principals striving to form partnerships with teacher education 
programs in universities, (e) Area Educational Agencies (AEAs) supporting technology 
innovations in teacher education and other initiatives to renew teacher education and 
ultimately improve student learning, and (f) education policymakers. 
Conclusions 
Qualitative research deals with meanings. Meanings of participants and meanings 
researchers attach to the collection, analysis, interpretation, and presentation of data. 
This case study was worth completing, in that it was a "dance," an interpretative piece that 
may convey different meanings to different audiences. Qualitative research has an 
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interpretive character, aimed at discovering the meaning different events have for individuals 
in communities and audiences who experience them (Hoepf, 1997). As I reflected on my 
actions, I learned that the interpretations of those meanings by the researcher also are 
important in qualitative research. 
The beginning of the research process is critical is developing the research design. 
The object must be clearly identified at the outset. Choosing and refining the research topic 
and research problem become crucial in conducting rigorous and credible qualitative 
research. Similarly, choosing and refining the methodological approach must be aligned with 
the purpose of the study. I am in agreement with Hoepfl (1997) in saying that "the decision to 
use qualitative methodologies should be considered carefully; by its very nature, qualitative 
research can be emotionally taxing and extraordinarily time consuming" (p. 4). Novice 
qualitative researchers need to be aware of this fact. 
To a large extent my positioning and actions, as a human instrument, in the data 
collection procedure led to different depths and richness of data obtained. In the 
constituencies where I had developed a relationship with participants prior to data collection, 
the data were richer and thicker. Conversely, where there were no relationships, data 
gathered was thin, yet useful. 
As a qualitative researcher, I analyzed, interpreted, and presented the research data 
ethically. In the data analysis stage, I made the decision about what data would be presented, 
and why; whose voices would be heard and why. Having made those judgments, I paid 
attention to fair dealing whereby all voices of my participants were heard. Suffice it say; 
some voices were heard 'louder' than others. Even though I flinched at the negative cases 
and contradictory findings that emerged, they are presented in the final report. 
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Primary lessons I learned include: (1) by nature I am not a reflective person and my 
self critique in this epilogue made me experience feelings of vulnerability; (2) plausibility, 
coherence, and credibility in my research were constructed in multiple ways adding rigor to 
the study; (3) research conducted must be relevant not just to the researcher but to a broader 
audience who can benefit from it; (4) the originality of this research lies in the use of two 
separate, but complementary, theoretical frameworks; and (5) this research has far reaching 
implications and potential impact in the field. 
In retrospect, I paid attention to reflect-in-action based on the account after 
completing the study and not before. I have presented sufficient data and evidence in this 
report of the rigor in conducting qualitative research. Readers are able to assess whether or 
not my rigor was accomplished in this account. 
Finally, I agree with Dingwall et al. (1998) who suggested that real skill in combining 
both thought and practice are needed for conducting effective qualitative research as well as 
an abundance of patience. The primary benefit I derived from this reflection-in-action was a 
deeper understanding of myself as a qualitative researcher. Engaging in reflection-on-action 
required that I assume the perspective of an external observer in order to identify the 
assumptions and feelings underlying my actions and practice. It also involved thinking about 
and critically analyzing my actions with the goal of improving how I conduct research. 
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APPENDIX A 
GLOSSARY FOR MAJOR ATF TERMS 
• Activity: Consists of actions or chains of actions, which in turn consist of operations. 
Activities are realized as individual and cooperative actions, and chains and networks 
of such actions related to each other by the same overall object and motive. Activities 
are not static or rigid entities; they are under continuous change and development. 
This development is not linear or straightforward but uneven and discontinuous. 
• Activity theory: A philosophical and cross-disciplinary framework for studying 
different forms of human practices as development processes, with both individual 
and social levels interlinked at the same time. 
• Community: Is the immediate environment, where the use of technology takes 
place. For the end user interface, it can be home, work, leisure community or other. 
In a case of an alarm phone, community of use of end user interface is often a home 
or an institution with their special physical and social environment and informal 
and/or formal careers. Community of use of interface for provision alarm service is 
often a service center. 
• Division of labor: Refers to the explicit and implicit organization of a community 
as related to the transformation process of the object into the outcome. 
• Object: Held by the subject, he motivates activity, giving it a specific direction. 
Objects can be transformed in the course of an activity. They are not immutable 
structures. (In the sense of "objective"). 
• Outcome: Intended goal of an action to be achieved. Transformation of the object 
yields the outcome of an activity. Individual subjects need not be consciously aware 
of the object(s) that their activities may lead to the realization of outcomes. 
• Motive: Object (material) or idea that arouses and orientates the activity towards it. 
• Rules: Cover both explicit and implicit norms, conventions, and social relations 
within a community. 
• Subject: Person or group engaged in an activity. 
• Tool: Anything used in the transformation process, including both material tools 
and tools for thinking. Instruments, which include tools and symbols, mediate the 
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APPENDIX C 
ROLES AND RESPONSIBILITIES OF DEPARTMENT CHAIRS 
• Academic affairs: Establishing departmental degree programs and curricula; 
evaluating and improving programs, curricula, and the quality of instruction; 
enforcing academic standards; preparing course; providing guest speakers. 
• Budgetary affairs: Preparing annual departmental budget requests; administering 
budgetary allocations (preparing requisitions, authorizing expenditures, maintaining 
budget records); promoting department cost-effectiveness (income generated from 
tuition, state subsidies, and grants versus expenditures); allocating faculty travel and 
research funds. 
• Departmental affairs: Developing and accomplishing departmental missions and 
objectives aligned to those of the University; establishing departmental policies; 
conducting departmental meetings; involving faculty members and students in 
departmental decision making and activities; establishing internal communication. 
• External communication: Conveying University policies and actions to the 
department, representing the department in the University and with external 
agencies (professional associations, government agencies, the public); 
communicating departmental programs and activities to students. 
• Faculty affairs: Recruiting, hiring, and orienting new faculty members; supporting 
and encouraging faculty growth and high performance in teaching, research, and 
other professional activities; enforcing faculty responsibilities and protecting faculty 
rights; evaluating faculty members and making documented recommendations to the 
dean for their retention, tenure, promotion, and annual salary increments. 
• Office management: Administering departmental facilities; hiring, supervising, 
and evaluating staff personnel (secretaries, clerks, laboratory assistants); establishing 
file and record systems (faculty, students, courses, academic data, correspondence); 
maintaining equipment and other department properties; requisitioning supplies; 
ordering textbooks. 
• Personal professional performance: Providing professional leadership and example 
in the department; demonstrating professional competence in teaching, research, and 
other professional activities; participating in professional associations and community 
service. 
• Student affairs: Curricular and career advising of students; awarding of departmental 
prizes and scholarships; responding to student grievances and complaints; recruiting 
graduate students; making graduate awards and assigning and supervising graduate 
assistants and teaching fellows; certifying students for graduation. 
Adapted from Waltzner (1975) 
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APPENDIX D 
MEMBER CHECKING DOCUMENT: BASED ON RESEARCH FINDINGS 
The dance of sustaining technology innovations in teacher education: Case of an award-winning 
teacher education program 
The purpose of this study was to explore the strategies, challenges faced, and the leadership 
requirements for sustaining technology innovations in teacher education 
What is this a case of? 
This is the case of how one teacher education program, preparing tomorrow's teachers to use 
technology maintains technology innovations that are assessed as viable structures for renewing 
teacher education 
Definitions 
For the purpose of this case study, sustainability and technology innovations must be defined. 
Sustainability—in this study is operationalized as the process of maintaining and stabilizing 
technology innovations that meet the needs of the present and the future users without compromising 
its quality. Simultaneously, the unique ecological relationships among users, tools, and outcomes are 
emphasized. 
Technology innovations—include all initiatives identified by participants as supporting the adoption 
and integration of technology into teacher education curriculum. 
Findings 
Findings are presented in aggregate form based on the qualitative responses of 13 interview 
participants. Findings were triangulated with document analyses and observations. Findings are 
presented in three sections corresponding to the three research questions. 
SECTION ONE: RESEARCH QUESTION ONE 
What strategies are used for sustaining technology innovations in teacher education? 
Three primary strategies with secondary and tertiary strategies were identified 
1.1. Faculty were educated and (supported) in using and integrating technology in their courses. 
This education process and support resulted in several teacher education faculty modeling the 
use of technology in their classes, leading to course and curricular redesign. Co-curricular 
activities were also identified as strategies for sustaining technology innovations in teacher 
education. Some activities at ISU were mirrored in elementary schools 
Faculty education and support 
• One-on-one mentoring (CI 610) 
• Technology scholars 
• Upgrading faculty computers 
• Increased collaborations among faculty writing and disseminating research 
• Access to support services in the Center for Technology Teaching and Learning 
(CTLT) 
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• Additional support from TechCo's full-time project coordinator 
Course and curricular redesign 
• TechCo cohort of students having unlimited access to technology 
• Cohort students spending more time (quality and quantity) in elementary schools 
• Cohort student working closely with up to nine inservice teachers for the duration of 
field experience 
• In-depth preparation of students pursuing the educational computing minor 
• Wide range of faculty members developing video cases, web pages, on-line courses 
etc. 
Co-curricular activity 
• Undergraduate educational technology club (TECC) 
1.2. Technology using teachers in elementary schools 
Teacher training and support 
• Monthly inservice activities facilitated by AEA educational technology consultants 
and ISU faculty 
• Substitute teachers in classrooms 
• One-on-one consultancy (support) for teachers e.g. from master teacher 
Curriculum redesign 
• Technology integrated in the elementary education curriculum whereby technology 
classes were no longer viewed as "special classes" 
• Technology teacher co-taught some classes with general classroom teacher 
• Access to more technologies such as digital cameras, scanners, printers 
Co-curricular activity 
• Technology club in one elementary school 
1.3. There were changes to the physical space i.e., classrooms and computer labs 
• Classroom upgrades to facilitate the use of technology at all times 
• Provision of technology hardware and software 
• Availability of portable technology cart with 16 laptop computers at ISU 
• New and/or upgraded computer labs 
• Each elementary classroom having a teacher computer station and at least one student 
computer station 
2. Collaborative teamwork (partnership) among stakeholders across constituencies supporting 
teacher education 
Apple Business Executive 
• Consulted with co-principal investigators in the selection and purchasing of 
appropriate technologies 
• Helped to secure educational discounted prices for TechCo cohorts of students to 
purchase iBooks 
• Demonstrated the use of educational soft wares 
AEA Educational Technology Consultants 
• Worked closely with ISU faculty and inservice teachers 
• Provided monthly professional development activities for inservice teachers 
• Demonstrated successful strategies for technology integration in the curriculum 
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College of Engineering faculty 
• Delivery of the course Toying with Technology (TWT) to education majors 
• Teaches TWT course to graduate students and inservice teachers during summers 
3. Strong support from key personnel identified as administrators and master teachers. 
Administrators—Deans, department chairs, principals 
• Each having a supportive role to his or her unit for technology integration 
• Being a 'cheerleader' as well as a change agent 
• Helping to provide the needed resources to make technology integration be a reality 
in the respective constituency 
Master teachers—Spent 50% of the time at ISU and 50% time in schools 
• Liaison between ISU and partnering elementary schools 
• Provided one-on-one support for inservice teachers 
• Demonstrated exemplary uses of technology in the classroom 
SECTION TWO: RESEARCH QUESTION TWO 
What challenges are encountered when trying to sustain technology innovations in teacher 
education? 
Participants in this study identified five major challenges time and funding, resources, people, 
support, and policy. 
1. Time and funding—both precipitated and catalyzed all other challenge. They were the 
primary challenges identified because "money drives everything else." Contributing 
factors included: 
• Recession in the national economy leading 
• Inadequate distribution of technology resources 
• Careless spending of limited funds 
2. People—challenges are inevitable when working with people. Specifically people challenges 
included: 
• People's attitudes towards technology 
• Tensions among individuals 
• Lack of visionary leadership and support 
• Fear and resistance to change 
• Teacher/faculty turn over "churn" 
3. The lack of adequate resources 
• Access 
• Frequent technology breakdown 
4. Support 
• Training and professional development 
• Mentoring as a part of academic support 
• Lack of rewards 
5. Policy 
• New mandates from the federal government for high stakes testing such as "The No 
Child Left Behind Act " 
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SECTION THREE: RESEARCH QUESTION THREE 
How does leadership impact the process of sustaining technology innovations in teacher 
education? 
1. Type of leadership for sustaining technology innovations included leaders being 
a. Flexible 
b. Visionary 
c. A team player 
d. A strong communicator 
e. A good listener 
f. Thick-skinned 
g. Knowledgeable about technology and the curriculum 
2. Organization culture has to be technology-friendly and is shaped by 
• The leader him or herself 
• Students 
3. Community building efforts are an important aspect of the leader's role in order to motivate 
constituents to be committed to the technology innovations. Community building efforts 
identified included: 
a. Celebrations 
i. Graduation party 
ii. Informal social gatherings 
b. Conference presentations 
i. Faculty and students writing and presenting papers at conferences 
ii. Faculty working with colleagues within and across constituencies 
iii. Workshops 
iv. Annual technology fair sponsored by the AEA 
c. Legacy—the influence and/or impact each participant (as a leader) has, is based on 
the role he/she played in the activities for sustaining technology innovations in 
teacher education 
i. Success in renewing teacher education 
ii. Sustainability of the relationships developed among partners in each 
constituency 
iii. Collaborations and the coordinating of project activities 
iv. Sustained collaborations between the COE and ENGR Colleges (e.g., Dean's 
Summit) 
v. The enormous amount of training and professional development 
opportunities teachers received 
vi. Improvement in student learning with the use of technology as a tool 
vii. Having technology integrated in reading, writing, and math 
viii. A technology-rich and friendly learning environment for students and 
teachers 
ix. Reducing the fear of using technology among teachers 
x. Teachers collaborating with technology coordinators for integrating 
technology seamlessly in their classes 
xi. Construct!vist learning approach in classes when using technology 








Natalie A. Johnson, Ph.D. candidate, Iowa State University 
September 17, 2003 
Invitation to participate in dissertation case study 
Date: 
Re: 
Title of study: The dance of sustaining technology innovations in teacher education: 
Case of an award-winning program. 
INVITATION 
I am a PHD candidate at Iowa State University conducting research in the area of teacher 
education. Therefore, I would like to invite your teacher education community (TechCo) to 
participate in this in-depth case study. Your department was chosen for a number of reasons. 
(1) It has a model teacher education program that has successfully integrated technology in 
the teacher education curriculum; (2) recipient of PT3 implementation grant; and (3) the 
interest project leaders have shown in sustaining technology innovations through a number of 
projects and initiatives over the years. 
INTRODUCTION 
The purpose of this study is to explore the strategies, challenges, and leadership requirements 
for sustaining technology innovations in ISU's teacher education program. The results of 
this study will serve as an important indicator for (1) deepening the portraiture of ISU's 
teacher education program; (2) provide a model where compelling lessons learned can be 
shared with other teacher educators' world wide; and (3) convey relevant information to 
grantors. In this study the operational definition for sustainability is: the process of 
maintaining and stabilizing innovations that meet the needs of the present and the future 
without compromising quality, while emphasizing the unique ecological relationships among 
units rather than viewing units in isolation. 
DESCRIPTION OF PROCEDURES 
If you agree to participate at a date and time convenient to you, I would like to conduct a 
taped interview, which will last approximately 1-11/2 hour. In addition, I am asking that you 
refer participants from all locations supporting the TechCo initiative to participate in this 
study. Prospective participants should include, department chairs, project leaders, partnering 
K-12 school principals, technology coordinators in the schools, faculty in the colleges of 
Engineering Education, and Arts and Science, as well as local area educational agency 
technology consultants who have worked or continue to work with the TechCo project. I 
would appreciate if you could refer any other key personnel I may not have mentioned. 
Attached please find a draft of the general interview protocol being developed. Please feel 
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free to examine this draft and provide any feedback for its improvement including the 
deletion of question(s) that could be obtrusive. 
RISKS 
While participating in this study there are no foreseeable physical, emotional, psychological, 
legal, pain, inconveniences and/or privacy issues associated with participating in this case 
study. However, you have the right to withdraw from the interview at any time should you 
feel at risk or uncomfortable in any way. 
BENEFITS 
If you decide to participate in this study there will be direct intrinsic benefit to you. In that, 
as a participant in the Preparing Tomorrow's teachers to use technology (PT3) project 
interview, you will be able to reflect on the process of sustainability and develop even deeper 
understanding of the complexities of the phenomenon sustainability and the need to renew 
teacher education in partnership with all locations impacting it. 
In addition, as a key project leader you could further benefit from participating in this case 
study as you prepare the final report shortly, to be submitted to the PT3 program office. It is 
hoped that the information gained in this study will benefit society by providing valuable 
information about sustainability that will be used in curriculum development and other areas 
of teacher education on the whole. In addition, the information gained will also be applicable 
in other disciplines where grants are acquired. 
In sum, benefits to be derived from participating in this case study include (1) having a 
deeper understanding of how technology innovations are adopted and sustained in your 
setting, (2) communicating the experiences learned from your project, (3) contributing 
knowledge to the research community on sustainability, and (4) the possibility of co-
authoring a publication of the case study, should this be of interest to you. 
COST AND COMPENSATION 
You will not incur any costs from participating in this case study. Unfortunately, there is no 
compensation for participating in this study either. 
PARTICIPANT RIGHTS 
Your participation in this case study is completely voluntary. You may refuse to participate 
or leave the interview procedure at any time. If you decide to withdraw participation and/or 
leave the interview process early, it will not result in any penalty or loss of benefits. 
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PRIVACY 
You have the option not to answer every question and/or to ask for clarification. All 
responses will be held confidential in that, your name will be revealed in any report coming 
out of this case study. All participants will be assigned a pseudonym and responses will 
frequently be reported in aggregated form. However, where absolutely necessary, titles will 
be used so that the context is clearly understood. 
The audiotapes will be transcribed by the principal investigator and not shared with anyone. 
Tapes will be destroyed within three years after the case study has been completed. 
Interview transcripts will be returned to you for member checking. In this regard, you will be 
asked to read the transcript, make corrections if needed and/or delete any information given 
that upon reflection could be incriminating. After member checking, you will also get a 
finalized copy of the transcripts for your record. 
CONFIDENTIALITY 
Participation in this case study is voluntary, and there are no potential risks. You may 
withdraw from participating in this case study at any time with no penalty or loss. However, 
your rich professional experience and expertise in this area are invaluable, beneficial, and 
critical in my effort to explore the phenomenon—sustainability. 
QUESTIONS OR PROBLEMS 
You are encouraged to ask questions at any time during this study. For further information 
about the study or if you have any questions, concerns, or suggestions, please do not hesitate 
to contact the principal investigator and/or the supervisors working with this study. 
CONTACT INFORMATION 
Natalie A. Johnson, principal investigator 
N244 Lagomarcino Hall 
Iowa State University 




Supervisors for this project 
Dr. John Schuh 
N243 Lagomarcino Hall 
Iowa State University 
Ames, LA 50011-3195 
Dr. Niki Davis 
N108 Lagomarcino Hall 
Iowa State University 







If you have any questions about the rights of research subjects or research-related injury, 
please contact the Human Subjects Research Office, 2810 Beardshear Hall, (515) 294-4566; 
austingr@iastate.edu or the Research Compliance Officer, Office of Research Compliance, 
2810 Beardshear Hall, (515) 294-3115; dament@iastate.edu 
If you are willing to participate in this case study, please indicate by signing the consent form 
attached and returning the signed consent form in the self-addressed envelop provided, to the 
principal investigator. 
Your kind corporation and prompt response are much appreciated. Thanks for your 
consideration to participate in this case study. 
Sincerely, 
Natalie A. Johnson 
SUBJECT SIGNATURE 
Your signature indicates that you voluntarily agree to participate in this case study, that the 
study has been explained to you, that you have been given the time to read the document and 
that your questions have been satisfactorily answered. The principal investigator prior to 
your participation in the study must receive a signed and dated written informed consent. 
Subject's Name (printed) 
(Subject's Signature) (Date) 
INVESTIGATOR STATEMENT 
I certify that the participant has been given adequate time to read and learn about the study 
and all of their questions have been answered. It is my opinion that the participant 
understands the purpose, risks, benefits and the procedures that will be followed in this study 
and has voluntarily agreed to participate. 
Natalie A. Johnson September 17.2003 




HUMAN SUBJECTS APPROVAL 
IOWA STATE UNIVERSITY Institutional Review Board Office of Research Compliance 
Vice Provost for Research and 
Advanced Studies 
2810 Beardshear Hall 
Ames, Iowa 50011-2030 
515 294-4560 
FAX 515 204-7288 
O F  S C I E N C E  A N D  T E C H N O L O G Y  
TO: Natalie Johnson 
FROM: Ginny Austin, IRB Coordinator 
RE: IRB ID# 03-748 
DATE REVIEWED: October7, 2003 
The project, "The dance of sustaining technology innovations in teacher education: Case of 
an award-winning program" has been declared exempt from Federal regulations as 
described in 45 CFR 46.101 (b)(2). 
(2) Research involving the use of educational tests (cognitive, diagnostic, aptitude, 
achievement), survey procedures, interview procedures or observation of public 
behavior, unless: (i) information obtained is recorded in such a manner that human 
subjects can be identified, directly or through identifiers linked to the subjects; and 
(ii) any disclosure of the human subjects' responses outside the research could 
reasonably place the subjects at risk of criminal or civil liability or be damaging to 
the subjects' financial standing, employability, or reputation. 
To be in compliance with ISU's Federal Wide Assurance through the Office of Human 
Research Protections (OHRP) all projects involving human subjects, must be reviewed by 
the Institutional Review Board (IRB). Only the IRB may determine if the project must follow 
the requirements of 45 CFR 46 or is exempt from the requirements specified in this law. 
Therefore, all human subject projects must be submitted and reviewed by the IRB. 
Because this project is exempt it does not require further IRB review and is exempt from 
the Department of Health and Human Service (DHHS) regulations for the protection of 
human subjects. 
We do, however, urge you to protect the rights of your participants in the same ways that 
you would if IRB approval were required. This includes providing relevant information 
about the research to the participants. Although this project is exempt, you must carry out 
the research as proposed in the IRB application, including obtaining and documenting 
(signed) informed consent, if applicable to your project. 
Any modification of this research should be submitted to the IRB on a Continuation and/or 
Modification form to determine if the project still meets the Federal criteria for exemption. If 
it is determined that exemption is no longer warranted, then an IRB proposal will need to be 





GENERAL INTERVIEW PROTOCOL 
Questions Sources ATF Rogers 
Section 1: Introductory/demographic q «estions [Estimated time = 3mins] 
1. What is your current position at your institution? 
* How long have you worked in this position? 
2. What are your roles within the teacher education 
program? 
3. How long have you been involved with the PT3 
grant project? 
Section 2: Strategies for sustainabil lity [Estimated time = lSmins] 







2. In your current role, what are your personal goals 
for sustaining innovations? 
• What are the department's goals for sustaining 
innovations? 
• What are the institution's goals for sustaining 




3. Please identify the strategies that have been used to 
sustain technology innovations in your program? 
• What 'tools' would you say are important to 
sustain the technology innovations identified? 
• Are the same tools used to sustain all 
strategies? If not, why? 
Heal, 1993 Tools Trialability 
Compatibility/ 
Complexity 
4. What policies do you think affect sustainability of 
technology innovations? 
• School district, university, AEA, other policies 
Denton, Davis 









5. In your experience, how has new ideas for 
technology innovation generated for adoption? 
* Is this process for idea generation collaborative 
whereby diversity of ideas is encouraged? 
* If so, please describe the process of 
collaboration with other organizations? 
Light, 1993 Community Compatibility/ 
Observability 
6. What steps have been taken within the last 5 years 
to reorganize the program to respond to the needs 
of schools integrating technology in the 
curriculum? 




7. Please describe the internal financial controls 
within your program that impact sustainability. 
• In light of budget cuts, what are your concerns 
regarding sustainable funding for technology in 
your setting? 
Light, 1993 Rules Compatibility 
Observability 
* Probing questions 
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Section 3: Challenges [Estimated time = 15mins] 
Questions Sources ATF Rogers 
1. What are the top 5 challenges you face in trying to 
sustain technology innovations in your program? 
• How do these challenges impact sustainability 
of technology innovations? 










2. Has there been resistance to change with regard to 
technology innovations in your unit? If so, 







3. What rules (written or unwritten) govern how 
challenges are handled in your location with regard 






4. What are your current concerns about the future of 
technology innovations in your setting? 
• Please describe any recent or sudden change 
(turbulence) in your setting that has impacted 







5. What internal conflicts, if any, exist over ideas or 
decisions regarding sustaining technology 
innovations? 
• What is the rate of staff turnover? 
• What do you think causes this rate of turnover? 





Section 4: Leadership [Esti mated time = 25minsl 
1. What type of leadership is required to sustain 
technology innovations in your context? 
Subject Observability 
Compatibility 
2. Describe the organizational culture that exists in 
your organization? 
3. In your opinion, who is/are the driving force(s) 
behind this culture? 






4. How is labor divided among staff members 
regarding technology innovations? 
• Describe any community building efforts 
established by your leaders to support 
technology integration in schools? 
• Has there been a change in leadership since 








5. How has such change in leadership impacted the 
outcomes for sustaining technology innovations? 
• What changes, if any, in leadership has 
occurred since you got involved with the PT3 
project? 
• How has such change in leadership impacted 
the outcomes for sustaining technology 
innovations? 
Denton, Davis 





* Probing questions 
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Section 4 cont'd: Leadership [1 Estimated time = 25mins[ 
Questions Sources ATF Rogers 
6. Please describe how leadership has contributed to 
innovativeness in your context. 
• In your assessment, has there been a leadership 
crisis within the past 2 years of working the 
PT3 project? If so 
* How was this crisis resolved? 
Light, 1993 Outcome Observability 
6. What is the history of innovation in your 
program/field? 
• Is leadership a contributor to innovativeness in 
your program? 




7. What do you believe your legacy will be when PT3 
funding ends for this project? 
• What do you envision this program to evolve 
into after funding is exhausted? 
• How will your influence on this project "live 









8. Describe the leader who, in your view is able to 
lead and institutionalize (sustain) changes as they 
relate to technology innovations in teacher 
education? 
Ajayi 2000 Outcome Relative 
Advantage 
What additional comments do you have regarding sustaining technology innovations in your setting? 
[Estimated time = 2mins] 
Thanks for your participation 




The documents chosen for analysis were obtained from TechCo's project leader. They 
included: 
• Charts and posters 
• CD with information 
• Memos and Meeting notes 
• TechCo's Web site 
• Publications and Presentations 
A comprehensive overview of the documents and groups of documents reviewed is presented 
as a modified annotated bibliography. The criterion followed in this procedure is based on 
Stake's (1995) recommendations. He suggested that the document analysis should follow a 
similar procedure like that used in analyzing interview data. Therefore, when analyzing each 
document, the researcher focused on the purpose of the study and the research questions 
asked. As a result, in each document analyzed the researcher paid keen attention to the 
strategies for sustaining technology innovations; the challenges encountered; and evidence of 
leadership needed to successfully sustain technology innovations. 
CDs with information prepared by technology scholars 
The content on the CDs analyzed showed educational resources that teacher educators can 
use in their classes. Resources included relevant examples of: 
Lesson plans • Content area subjects 
Web Quest • Technology integration ideas 
General education techniques • Classroom management 
Problem based learning strategies 
Web page development • Search engines 
Electronic portfolios • TechCo celebration 
Charts, posters, and fliers 
As part of the documents analyzed were several charts and posters. Charts included 
timelines for project activities, flowcharts diagramming processes in TechcO, as well as 
pictorial representations of the TechCo project etc. Posters large and small had representing 
information of project participants and showing participants in action. The TechCo office 
space was adorned with several brightly colored posters. 
Memos and meeting notes 
Several memos and meeting notes were analyzed. Most of the memos analyzed showed the 
agenda for a planned meeting. Meeting notes provided demographic information regarding 
participants attending etc. Rippling through the meeting notes was the major team of 
collaboration, community, and relational work. Meeting notes indicated that input from 
participants in the five constituencies supporting teacher education. Strategies, challenges, 
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and leadership requirements were not explicit form the memos and meeting notes. However, 
based on my analysis strong leadership was extremely important in planning, organizing, and 
implementing the meetings with stake holding constituencies. 
Web Sites reviewed 
A considerable amount of time was spent reviewing the information on the TechCo's. 
However, several other PT3 related Web sites were reviewed, including the University of 
Florida's (UFs). 
Publications and Presentations 
In some cases a single publication/presentation is presented in a box or more than groups of 
publications. 
Box 1 
Duffelmeyer, F. (2002). Teaching Ideas. The Reading Teacher, 55(7), 2-6. 
This article was basically an annotated bibliography of alphabet Internet resources that 
are useful in designing alphabet products for the preK-12 classroom for letter 
recognition fluency. The major challenge identified was having the correct tools to 
create the websites including auditory input capability. The kindergarten teacher was 
the leader in this developing the products for his/her class. 
Box 2 
Merkley, D., Schmidt, D., & Allen, G. (2001). Addressing the language arts 
technology standard in a secondary reading methodology course. Journal of 
Adolescent & Adult Literacy, 45(3), 220-231. 
As classroom access to communication and information technologies increases and as 
vast amounts of information become available in digital format, teacher training is key 
in promoting students successful manipulation of multiple illiteracies. This paper 
focused on technology in the teacher education curriculum with special emphasis on a 
secondary reading methodology course. Multiple strategies were identified spanning 
professional development, teacher training, curriculum reform, and technology 
resources. Challenges included; pacing of instruction (more time required with 
technology to cope with failures with hardware and software; sensitivity to individual 
differences (some students are uncomfortable with technology, and utilizing the 
expertise of students. Shared leadership resided with faculty and students. 
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Box 3 
Kemis, M., & Walker. (2000). The a-e-I-o-u approach to program evaluation. 
Journal of College student development, 41(1), 119-122. 
The A-e-I-o-u evaluation approach provides users with a deeper understanding of 
project goals, objectives, activities, and results as well as its uses in decision-making 
by providing an understanding of what has been successful or not successful in a 
project. 
Box 4 
Thompson, A., Schmidt, D., & Davis, N. (2003). Technology collaboratives for 
simultaneous renewal in teacher education. ETR&D, 
Described in the paper is TechCo's project that is focused on John Goodlad's (1994) 
theory of simultaneous renewal. The project is a systematic approach using 
technology to help facilitate renewal in both teacher education and K-12 schools. 
Project features include cohort groups of students with laptop computers, faculty 
development programs, and curriculum development in both teacher education and K-
6 partner schools. Strategies were (1) changing attitudes and capabilities of pre-
service teachers; (2) major course changes for faculty; (3) strengthening the mentoring 
model for faculty and teacher development; and (4) creating sustainable technology-
rich TEP. Challenges entailed first, lack of incentives for technology using faculty; 
second, clearly defining and implementing technology applications that will expand 
and enhance the curriculum in teacher education and K-12 schools; and third, creating 
a learner-centered environment for technology use in k-12; and moving technology 
from being an addendum to becoming an integrative model. 
Box 5 
Thompson, A., Fuhler, C., McShay, J., Merkley, D., Rosenbusch, M., & Schmidt, D. 
(2001). (SITE) proceedings. 
Paper addresses a group of teacher educators teaching different subject areas 
description of technology applications they developed for their teaching. Faculty 
members were from multicultural education, literacy, and foreign languages. 
Applications include virtual reality, video streaming, palm applications, and 
technology assisted collaborations across different TEPs. All faculty participated in 
the on-going one-on-one mentoring program The primary challenge identified was 
having more faculty model the use of technology in their teaching. 
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Box 6 
Thompson, A., Schmidt, D. & Stewart, E. (2000). Technology Collaboratives for 
simultaneous renewal in K-12 schools and teacher education programs. Council 
of Chief State School Officers, 73-90. 
In this paper it is argued that TEPs and K-12 schools need to work collaboratively to 
adequately take advantage of the opportunities provided by technology and to address 
the challenges created by technology. Strategies included strong collaboration among 
partners; the provision of joint professional development activities between K-12 
schools and colleges and universities; creating a community of learners for knowledge 
and expertise sharing and increase in the number of funding opportunities. Initial 
challenges identified were limited number of faculty technology training 
opportunities; lack of incentives for technology using teachers; and getting 
administrators to be involved in technology collaborations. Leadership from state 
legislators, principals, and university personnel was important to overcoming the 
challenges. 
Box 7 
Davis, N. (2001). PT3 listing of strategies to lessen barriers to change in pre-service 
teacher education. 
Several strategies were identified in this paper as capable of lessening the barriers to 
change for preparing pre-service teachers and accomplishing renewal in teacher 
education. Strategies included (1) conducting action research, (2) rewarding faculty 
through publication and scholarship in their teaching, (3) encouraging independent and 
collaborative research, (4) mixing of strategies and individuals, (5) using relevant 
theories in conducting research, (6) employing evaluation strategies that promote 
planned change, and (7) focusing on systemic and organizational change. 
Box 8 
REPORTS 01-03 (9/20011 
Kemis, M., & Shih, C. (2001). TechCo baseline report King elementary school 
teachers. Research Institute for Studies in Education: Iowa State University. 
REPORTS 01-04(9/2001) 
Kemis, M., & Shih, C. (2001). TechCo baseline report Perkins elementary school 
teachers. Research Institute for Studies in Education: Iowa State University. 
These reports provide baseline reports on two elementary schools that participated in 
the PT3 initiative. Teachers were surveyed two times using the survey of use and 
integration of technology in classrooms and cultural diversity awareness Inventory. 
Strategies for helping teachers learn with technology were workshops, courses, and 
help from teachers and technology coordinators. Challenges were access, lack of time 
to learn to use technology, and the lack of training in using technology effectively. 
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Box 9 
Kemis, M. (2003). Technology scholars interview/focus group. Research Institute 
for Studies in Education. Iowa State University. 
Interim report regarding the technology scholars' interviews and focus group sessions. 
TecScholars wanted the program to be continued. Strategies identifies were, long 
term leadership commitment, utilizing the change literature, emphasis on student 
learning and advocacy, meeting the technology and training needs of stakeholders, 
having financial resources in place, and strong emphasis on relationship building. In 
this account, teachers were seen as leaders 
Box 10 
Additional documents analyzed 
• Invitation and notes on TechCo's kickoff event August 30,1999 
• Workshop and brown bag sessions held the at the start of the grant period in 
1999 
• Call for grant proposals 
• Grant award notification 
• TechCo's first celebration held at the Riemann Gardens, Feb, 22, 2000 
• Performance Report to U.S., Department of Education. March to September 
2001 
• Report on the first half of the 3rd year 
• Performance Report to U.S Department of Education, April 22,2002 
• Performance Report to U.S Department of Education, November 22,2002 
• Third year report to the US DOE showing achievement and alignment with the 
goals 
• Focus on the first TechCo cohort group of students 
• News releases 
• North Polk news bulletin 
• Heartland AEA 11 news letter 
• Several newspaper clippings addressing technology in teacher education 
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APPENDIX I 
THE AREAS OF SPECIALIZATION FOR SECONDARY EDUCATION MAJORS IN 
TEACHER EDUCATION 
A teacher must also be competent in the area of a teaching specialization. For instance, 
certain competencies are required of those who would teach at the pre-kindergarten-
kindergarten (PK-K) or the elementary level. Those preparing to teach at the secondary 
level must develop a depth of understanding in one or more subject matter areas. 
For full-time teaching in secondary schools an approved subject matter concentration of at 
least 30 semester hours is required. Additional subject matter areas, usually consisting of 24 
semester hours each, are possible but not required. Students interested in adding a second 
subject area should consult with the coordinator of the area. 
Specific teaching areas also require additional courses 
Listing of areas of specialization in teacher education for secondary education majors 




5. Coaching Interscholastic Athletics 
6. Curriculum & Instruction 
7. Curriculum & Instructional Technology 
8. Early Childhood Education 
9. Earth Sciences 
10. Elementary Education 
11. English 
12. English as a Second Language 
13. Family and Consumer Sciences 
14. Foreign Language and Literatures 
15. General Science 
16. Health Education 
17. History and Social Sciences 
18. Human Development and Family Studies 
19. Mathematics 
20. Music 
21. Physical Education 
22. Physical Sciences 
23. Physics 
24. Reading 
25. Special Education 
26. Speech Communication 
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APPENDIX J 
ROLES OF STUDY PARTICIPANTS IN GRANT WRITING PROCESS 
Co-principal investigators 
• Created the vision for renewal in teacher education at Iowa State University 
• Conceptualized, worked with partners in locations supporting teacher education 
• Submitted grant 
• Managed grant activities 
Technology Coordinators and Principals 
• Assessed the needs in schools for technology use 
• Re-engineered the curriculum to accommodate seamless technology integration 
• Worked closely with classroom teachers 
TWT faculty 
• Evaluated the needs of pre-service teachers in learning engineering and science 
concepts 
AEA consultants 
• Focused on professional development activities that were suitable for the goals and 
objects of teachers to integrate technology in the curriculum 
Others1 
Grant writers2 
1 Many more individuals were involved in the grant writing process. However, this listing is confined only 
individuals who actively participated in this study. 
2 Each participant from the constituencies listed above contributed to the grant proposal by writing a specific 
part of the proposal. 
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